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PREFACE. 


A HE Authors of Original Papers in the present Volume, 
are, Davies Giddy, Esq^^M. f*. ; Mr. O. Gregory; Mr. Wil- 
liam Close ; Mr. John Dalton'; W. N. ; Mr. Charles Young; 
Mr. J. Stodart ; Count Rumfi)rd, V. P R. S. ; Mr. G. I. 
Singer ; J. P.; T. S. Traill, M. D. ; G. Cumberland, Esq.; 
Mr. S. Clegg; Mr. Dalton; T. I. B. ; T. Plowman, Esq.; 
r. A. ; N. D. Starck, R. N.^ -John Gough, Esq.; A Cor- 
respondent; An Enquircr;■^j[r. Arthur Woolf; Mr. Elizur 
Wright; Thomas Northmore, Rsq. ; Dr. Bcddoes; Mr. 
Bancks. 

Of Foreign Works, Professor Proust; J. H. Ilassenfratz; 
G. A. Lampadius; Mr. Prpny; Beaunier; Gallois; J. B. 
Richter; Mr. Ritter; Citizen Bernoulli; Vauquclin; C. A. 
I’rieur ; Guyton ; Morveau ; Chaptal ; Dr. Valli ; M. Vau- 
cher; M. Hauffman; Biot; Thenard ; Descotils; C. L. 
Cadet; Professor PtafF; Tronisdorf; M. Achard; M.Stcin- 
achcr; M.Giobert; Humboldt; M. Lagoux de Flaix; 
M. Dodun. 

And of Isnglish Memoirs abridged or extiaeted, Hum- 
])hrcy Davy, Esq. F. B. S. ; Mr. Rose ; Benj. Smith Barton, 
M. D. ; Mr. John Heckewelder; j.C. Curwen, Esq. M.P.; 
Mr. William Bartram ; Thomas Andrew Knight, Esq. ; Rev. 
D. Pape ; William Herschel, L. L. D, F. R. S. ; Charles 
Hatclictt, Esq. F. R, S.; T. C. Hope, M. D. F. R. S. Ed. 
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PREFACE. 


Of the Engravings, the Subjects are, 1. Apparatus for 
raising Water, by Mr. Close. 2. Furnace for bending Wood. 
S, 4. Blowing Engine by the Fall of Water at Poullaouen. 
5, 6. apparatus for analysing Vegetable Soils, by H. Dayy, 
fesq. 7. Diagrams to explain the Doctrine of Heat, bjt- 
Count Rumford, V. P. R. S. 8. Magnified Representation 
of Insects found on Com, by G, Cumberland, Esq. 9. An 
improved Steam Engine, by Mr. Clegg. 1 0. Simple Register 
Thermometers. 11. The Framing employed to raise the 
Roof of Clapham Church. 12. An improved Sheep Fold, 
by T. Plowman, Esq. 13,^ Applicative Compass, byCapt. 
Starck, R. N. 14. Sertion of a Drain, by J, C. Curvvcn, 
Esq. 15 . Diagrams to illustrate a Series of Propositions re 
specting a Division of the Circle, by Mr. John Gough i ^ ^ 
Schemes exhibiting the Positions of the new Planet Juno, by 
Dr. Herscbel. 17. Mr. Pape’s Improvement of Rye Har- 
bour. 18. A new Air Pump, by Mr. Wiight of Aaierica. 
19. New Valve and Parts of a condensing Syringe for the 
Gases, by Mr. Cuthbertson, with which Mr. Northmorc’'., 
Experiments were made. 20. A very simple and improve^ 
Graphometer, by Mr. Bancks. 
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A DVERTI^EMEX1\ 


iTHE Pah^om and Frieyids of the Philo fophical Jouroaf ati, 
refpeBf idly informed^ that this work xeill in future conjifi of jir 
Jheets of matter injfead of five in each number^ i \^e(iier with a 
fupplementaiy number to each volume ; and i/vit the plates zeiil 
be fo managed as to contain a larger number of fuhjecis ci ecuted 
in the hejl ftile, Thefc improvements ^ though attended ilh ad^ 
ditional cxpcnce^ are fuch as the Editor has thought it his duly to 
adopt ; in order that the very exlenjive communication^^ with which 
the Journal has been honoi^ed y^night not prevent him from giving 
all the foreign difeoveries and fiich other general intelli^enee as 
the nature of the plan denuoids. It will eajily be feen that the 
additional copy xoill by this means amount to one half more than 
the former quantity ; and it is imnecejfary to point out the great 
advantages which miifi refult from fuch an addition. The Editor 
takes this occajion to repeat his acknowledgments for the encou^ 
ragement which has been given to h*is exertions, pardcutarUj 
within the lajt twelve months ^ in which the Jale has neariy 
doubled:^ The quantity of original matter continues to iyicreaje, 
ajid amounts to more than half of the whole worlx Great pan 
of the remainder con jyis in foreign articles nner before pubhfhca 
in this country y together with fame eiitracis and abt idgments from 
our bejl academical tranfaciions. The xchole publication may 
therefore be conjidcred as original, jince it is never made up by 
extrafis from the periodical woi'ks of this coioitry, lihieh, on the. 
contrary, veiy frequently copy from its contents, 

^ It has been ncceffar{»^ to reprint a confidcrable part of the former volumeii 
in order to make complete fets, 'which may now be bad^ or any Angle numbeis 
or volumes, from the commencement. 
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letter /rom Davie* OioDY,Elq. ajkgkl/r 

Fad qf the invijibk Emijion qf Steaia and Smoke together praaq 
the Chimnej/ qf a Furnace j thfiuglaeiiher qf them, if fiperute^ 
enUtted, it vijible as tfual. 


To Mr. NICHOLSON. 


8IR« Clifton, AuguftS, 1805. 

Travelling, and a variety of occapaiiomi have hi.P«c«llit&fti 
therto prevented me from fending yoa an account of die cir-!^^ “ 
cnmftances oWerved by myfelf md «»hen, duTing1l{ir><HilsTt«iMA^ . 
ing rf an engine on Mr. Trevitl^’s confiro^oni, at Merthyn**^ «**««• 
Tidwell in Sooth Wale*, and^ which I had the plealure of 
r e letigg to itme JimiB finic«.*^ Sotw Square. I now 

tranlinit of th^ comnente or 

attmnpt* at exj^anation. 

'kJift!.'. TrevilhklEi hwiig;i*i^||#4aa^y:lh|(sw l il h ia 'toitlto^*^***^ 
raifota of moving wagg^ wMoud ■ aa m fim aAtyfhn to mmt a taitwt 
at%hto> he poffibly c(idd,.oBd.a»lilifeMiCTeoeBiii»fri^^ 
fons who might affifi, or witneft an expeilment. Thq 
far conveying off the fadAo. add' aff^nffiag a^raft, iami hlWtie 
VouXlLL-SMTctntn, iSOS. |l of 




% tKVIltBLE BMUll'Oir Qf SttAM AKD SMOfCE. 

iron ; and tho fieBAji tirhidi v#holly efcapes from tlifCi 
^ uncoodailMr was, conduced iaio the fame tube», 

fi)ot abovo ita infertion into the boiler ; therefore many 
ihrowiTinto the the fire^ mud beyond the reglAer. When the engine 

c^miiey many iH^g^ {o it^im foon:r4narked that mother (ledm nor 

ftiioke^re fecn to URieironi the flue: and when frefti coal 
ITeltfaer wai addod« nothing, moi^ than a faint white clond became 
Sfil^*"**^**^ Apparent* and that only for a (bon time ; nor were drops or 
wiSL vt6Ue any where. It was pr(»pofed» that the regidei 
Ihould be (lowly doled 5 and a« this was done, a conden Cation 
(learn manifefted itfelf at aimall didance from the chimney^ 
was v)rible»^and and finally appeared in the fame quantify, as if it had pro- 
immediately from the boiler. The experiment was 
Ihiolce was vi» then reverfed. Tlie deam was gradually confined to the 
dhic* boiler; when frooke became more and more vifible, till it 

equalled in quantity and appearance that commonly produced 
by a fimiiar fire: and thefe trials were alternated a great 
The draft up number of ttmes^ with unvary tng fuccefs. Ladly, it became 
incf«afS"by The ^ ni^^ler of fpcculation, whether or in w hat degree the draft 
admidioji of the was afiefled by the admidion of deam ihto the Hue. To 


ftesm* 


afcertaln tb'ii, every one prefent looked as attentively as 
poffible into the fire-place; while llie engine moved at the 
rate of a few drokes in a mhnite; and all agreed in de- 
claring, tiiat the fire brightened each time the dearn ob- 
tained admidion into the chimney, as the engine made its 
droke. 

1 am. Sir, 

Your very faithful humble fervantl 

DAVIES GIDDY. 


n. 

On a Meteoric Stone that fell in tlve Neij^hnurkood of S^gena,^ 
in Jrragon^ in ^ Piiou st 

ThE aiiUior bql^s bts patper by forae previous hiftorital 
the one atm que&ion^ diat dones have fallen froei 

SSS the almoTplifm in jdtfielMt parts of thd world. The ancients 

^bridged fro^ the Journal de Pby%ue| fpr March 1805. 

mentiha 



bw MlttORlC STONi^S. $ 

bi^ntSbo it as having ocearredal various times^ and later agaa 
have recorded the time .and atitliettticjeted cirramdances of 
feverai fuch incidents. In mir.owfrdays* (tones or miherai bodi^ 
termed meteoric, have been cdlli^ed in t^ ^aR Jndiea# 

Amerfta, Scdtt^nd, ^ England,* ^^rance, I^ly, Hungary, and 

kftly in Spain ; and that nothing may be Wanting in itilord ™ 

convince ihofe who refute their atTenl to the uti^ telthnony 

of all ages and alt countries, nature^appears to have purpofely 

ordered a fepetiiioii of this Aifpritiiig [^enomenon: no ionget 

ago than the 26th of April, j80S, a (bower of lhe(h Robes Shower of ibiiea 

covered a fpace of ground two miles long and above a mile 

broad, near l*Aigle in Normandy. The French Infiititle im* 

^ mediately nominated a commiifioner, to examine into the fat^ 
on 4he. fpot, to take the depoiittons of witnedes, compare 
them with the circumdanccr, and bring^ome of thb flones to 
Paris. 

As the lird thing Rl'be done with a new^mtneralogical fub- Andyfit of 
dance, is, to anatyfe it,' the Preddent of (he Royal Society 
London, and feverai other gentlemen who bad fticb dones in Howard^ 
their colledtons, put them into the hands of Mr. Howard, a 
Member of the Society, that he might fubje^t them to chemical 
examination. He found to|iis great furprife, that all theie who fotmd than 
dones, from the remoted quwrterf of the globe, contained 
the fame principles, difiertng only in proportion ; and, what tlso, 
was dill more driking, that (bey all contained iron combined 
with nickel, a compound to be met with among none of the 
minerals in any part of the globe with which we are acquainted. 

Vauqueltn has (ince confirmed by repealed experiments, the 
accuracy of Mr. Howard's obfervations. All men of Icience They hsve 
have hence been led to conclude, that thefe dones mud have thtrefores 
a common origin; but whence they originate is the quell mn. *^**^^**^^ 
Do they belong to that earth on which they frill? are they but whsam 
formed in the almofphere itielf ? pr haW they been prvijeQed 
from lunar volcaaoesi On fentiments are 

divided ; and the aigaments hA#^|j|pi|g|^ by Dr. Ixarn, 

Jn his Lkhologk Aim^Jphirkpit*^ , 

One of thefe donet has cdlp^Cn 

Madrid ever fince. 1773# { miaitei;.':4tas. ailowed ’M.^y ‘ 

Mr* p. to analyfe, leavii^ the fe the 

collediion for (be fatisfe^qo pFtlte.^iow. The folloWin]^ 
lelter wai fcot ^ Maourf^ S,qda, Mtnidqr of 

8t«fe» hy the*€apfeinVg^oral of Seragoda. 
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** In November lafl ah extraordinary occurrence, faid (o 
have happened on the Seventeenth of that Month irf a ploughed 
i^eld at Sena, a village in the diftrJA of Sigena, vvas the iub« 
je^ of converlation in this city* 

** The iky being perfectly ferene, three reports reftJhibling 
(hofe of cannon were he^d, and fbllowed by the fall of % 
flone weighing nine pounds and one ouncey at a little difiance 
from two labouring men. One of them went up to it, but 
the Hrong iVnell it emitted (lopped him a -moment. 

Recovering from his furprife I)e went nearer, raifeci it up 
with bis fpade, and waited till it was fuBirienlty cold for him 
to carry it to the village, where he delivered ii tp the 
pried. 

** From inquiries made immediately afterwards on the fpot, 
and among the people in the neig^ourhood, it appears, that 
the noife in the a^rand fall of the done were not accompanied 
with any dorm, or wdtli lightning.’’ 

Afiotiier mstco- To bring into one view all that is yet known of fiones (a1l« 
rictho^vwof jjj Spain, the author fuhjoins a letter of the Bachelor 
^^RoVin Spain, Cibdadreal, on thofe that fell in the village of Roa, near 
ini438> Burgos, in US8. 

in the view of While the King Don John^nnd his court w'ore Itawking 
the King of near the village of Roa, the lUn was concealed behind white 

Spain* clouds, am! bodies refembling gray and blackidi Hones were 

feen loiailiVom the air, of fuch bulk as tooccafion the greateil 
furprilb. 

The ground was ** After this plienomenoii had continued for an hour the 
rc-appeared, and tlie falconers immediately rrxle to the 
place, which was not above a mile didant. They brought 
back inibruialion to the king, that the ground was fo com- 
pletely covered with fiones of all iises as not to be vtdble. 

The king would have goiie thither, but his courtiers 
prevented hin)| obferving, that a place cbofen by Heaven for 
the theatre of its operations might not be free from danger, 
and that he had better ftimo of hts attendants.* Gomez 
Thefe ^orcs Bravo, the captain of his guards, undertook the office. He 
brought foar of the dones to whither the king had already 
* retired. They wPre of^nitderahle fize ; feme were round, 

and as large ai a others like pillows and ha{;\fune(^ue 

Mtitmely light, 4Kei«fu res (fuch as about 4dlb$ weight of corn,) but 

w hat was mod was their expclSve Ugbtnefs, £nce 

4 >lh#' 
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tlic largeft did not weigh half a pound. Tin y were of fudi and«^,4tcndtt- 
a lender texture, that they rei'embied the foam of the fea ***’#*• 
condenfed more than any thing. You miglit itrike on them 
with your hand without fear of bruife, or pain, or the ilightef^ 
markifi^The king has ordered fame to be fetit you, Sic/* 

It feems from this dercriplion*^iat thefe (tones mud ha^ 
been very different from thofe of tnb prefent day. 

The done of Sigena, when delivered to Mr. Proud, weighed The (lone of 
fix pounds ten ounces. With it was a piece of three or four S'fetnadefenbed. 
ouncusS,, the only one remaining of thofe that had been broken 
from it by curious perfons. It was interfperfed with fpols of Intcrfperfedwsdk 
rud, both externally and internally, owing probably to its 
having been irninerfed in water to try the effedt of that fluid 
on it. From thefe however, fome indrudlive inferences may 
be drawn refpedling the t^ive place of^ thefe dones. 

Its d]ape is an irregu Iff oval, (even or eight inches longi Its figuicv 
four or fi\ e broad, and four in its grea^M thirkncfs. One flde 
is flattifli, a utile depredcd in the niiddle/and very round on 
the edges: the other is an obtufe triedral pyramid with un- 
equal flde«, greatly rounded at the (ummit and on the edges*. 

It appears to have had the black vitreous crud common tti ha I a vitreous 
dones of this kind, diougli from its fragility the greater part 
has (alien off in palling through ^any liands and receiving 
occafional blows, fo that none remains except in the hollow 
of the bafe, and a little on the faces of the pyramid. 

On examining this crud it is eafy to fee, that it mud have Thismufthavfe 

been the ed'edt of heat (ubfequent to the formation of the hecn produced 
- , , r I 1 I hy violent mo- 

ftonc, and unqueltionably very powerful though momentary ; mentary heat 
fince the metallic and fulphureous particles immediately foruia- 

beneath the crud had not time to change colour, or even lofe 
their ludre. 

It has all the poroflty of an aggregated mafs of Tandy it is porous, 
particles without any cement. To that the breath will cafily 
pafs through a piece held between the teeth. It will not vety hard, 
dnke (ire with deef, and the fame jnay be laid of the pyrites 
it contains. • 

Its colour is a uniform bluifli gray, like that of a black fub- of a bluini gray* 
fiance enlightened by a white : it is the hue^^f an earthy com- 
pound tinged by iron oxided at a minimum^ 

‘ ’* Does this defer iption i^;reewithvvhat is faid above, that 
pieces have been broken from it? Apparently above a quaucr of 
tht, done, on^mparinnits original and prefent weight. J. C. 

The 
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i> s> * The flone itfelf is a Tandy mafsi formed of rounded oval 

'OmT* \ grains^ the largeft of which arc fcarcely bigger than hemp«^ 
iBttif^vfea feed, among which, are inierTperfed metallic and falphu^ 
(UlphureoM particles with alt their primitive luflre, and particularly 

ptriides. with that light tint of kupti/nickel obferved in thf^^other 
Its granules are ftones. On examining the /larthy grains by the mterofeope, 
oyfUllinc. perceive, that, far having been fathioned by the 

movement of water, they are globules rough with cryfialline 
or reQc£ling pointSj fo that they can by no means be con^ 
foJnded with find. 

A piece of about two inches being expofed to a red heat 
in a crucible for half a quarter of an hour was much changed : 
the Tandy globules became of a daiker gray, and the metallic 
particles, diverted of their luftre, were vifibly oxided. 


H«it deepened 
Its colour, 

and oxided the 
meiaU 


G er heat 
tufed it. 


It contuned 
much mapetic 


comhhied fntb 
nickel* 


Conftituent 
parts of the 
remaijidez* 


Almut two ounces were heated for half an hour in a forge 
fire, which coiiyerle^ the ftone^hto a femivilreous maft, 
biackiili, and tightly i;>iirous. Jt did not appear to have 
efTervelced much fv^eviou'^ to fufion, and was inlcrfperfed with 
globules of ironi which had not time to defeend, though 
upwards of a hundred grains of a regulus were colle&ed at 
the bottom* 

The iron altradabie by the magnet was not uniformly 
mixed in the rtone, as from feme parts 22 in the 100 were 
extrafSled, from others not mor% than 17* 

This iron was combined with nickel in the proportion of 
about 3 per cent. No nickel was difcoverable in any other 
part of the fione. 

After this alloy was feparated by the magnet, the remainder 
of the ftone was found by analyfis to confirt of, 

Iron fulpburated at a minimim • i 2 
Black oxide of iron • • . - r» 

Silex * ** • * 6d 

Migneii^ • - - - 20 

Lime and magnefia in quantities too fmall 
to be appreciated 


Kewhypo^eBs* On cpnfideriog the rapid, alteration of thefe (tones by 
^ohlb7 fn"hc ® fragment kept twelve hours under water was 

foUr regions, taken out covermi with fpots of ruft, which diftinguiflied the 
•grums of alloy from the fulphtireous particles with which 
they were before cdnfpanded ; — it is ob\'ibus, according to the 

authdr 
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aathor* that they cannot fubfift in any of the habitable parts 
of the globe. But from the eternal cold of the polar regit 
where water remains for ever a folid maft, and iron cannot 
he thinks we may reafonably look to thefe regions as 
nafiv^iace of fuch bodies, in this be infills there is nothing 
im^iofljble* or even improbabre* And why fliould th<»|i* 
meteors, be demands, of which i^«4know neither the origin, othe^r^parirbr 
the combuHtbles that afford them aliment, the impulfe by mctcor«. 
which they are moved, nor the nature of the lines they 
defcribe in their courfe. be lefs capable of tearing them from 
fome part of the globe, than of forming them, contrary to 
all phyfical probability, from elements which the atmofphcre 
can neither create nor bold in folution ? 


id 

III. 

Further Fmctrlci* on AJechanic Poiver^ in lleply to Mr, J» C. 
llornblomr, in a Letter from Mr.O^ Gregory, Roifai 
MU, Acudcnti/, 


To Mr, NICHOLSON. 

SIR, 

I AM forry to be under the neceflity of troubling you witb^’refacor) 
a few obfervations for infertion in your Journal, in confequence*^^”'*'^"' 
of being called upon by Mr. Hurnblower, as though it were 
to defend fome newfangled do^rine, when the poiitions in 
my former letter, which that gentleman thinks proper tocei\.> 
fure, are in perfe^l conformity with the principles aflTumed or 
demonftrated by every corredl writer on mechanical philofophy 
fince it hai. been placed upon its proper bads in the Prindpiae 
of Newton. The fubje£t I am now invited to difeufs, has fo 
frequently been exhibited in the cleared light by various 
authors, both in England and on the .Continent} that 1 fhould 
not 'think myfelf judided in occupying many of your pages 
by an elaborate differtation ; out of regard, however, to fo 
refpedabie a correfpondent as Mr. H. 1 cannot help entering 
a little into the difeudion, though I am, 1 confefs, quite unable 
to afeertain whether his lad letter is meant looppofe my former 
remarks, and ihofe of ProfefTor Robifon with ferious ir^ 
ipents, or is merely*iii4ended as ajeu tPeJprit. 

• It 
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It will notf I hope» be eKpe^led that I (hould point ont hi 
what inflances Mr. H’s remarks appear to me completely ir<* 
relative to the rubje6l in hand ; or thofe in which he feeins to 
mifunderdood the arguments of the lale ieared Profeflbr: 
fuch a procedure would only \qaA into farther difcuffioifj^while 
I /eel i’olicitous to avoid it^^^m a confcioufnefs that it would 
^be very tintnlereding to i{(oft of your readers. I (hal! drive 
to confine myielf, therefore, to fuch of Mr. H's enquiries as 
bear upon the point in dlfpute, and ibr the fake of condenfing 
my latrour, fiiali begin with that in his poftfcript. 

Art inimal d)cn, I will endeavour lO fet Mr. II. right as to the 

cxerti n and identity of animal exertion and mevkanic power and to this 
end it will be requifite to anfwer the queftion, — ^what is me- 
chanic power ? excluding, for the prefent, that acceptation 
of the term in which |t is underftood to denote one of the fix 
fimple machines, c Now, it is pretty obvious, that the terms 
power» force, &c, w^fen ufed in mechanical fcience are 
purely metaphoric^; for, as Profefibr Dugald Steward re- 
marks, (Elements of the Philoffhy of the JJuman Mind, 
p. ^202.) ** All the languages which have hitherto cxified in 

the world, have derived their origin from popular ufe; and 
their application to philofophical purpofes was allogetiier out 
^ife and sp- of the view of thofe men wbo fii^ employed them.” Language 
SSef* C‘>">'”enced amongft fimple men, who had Jillle, if any ac- 
fower, &c* quaintance with what is now called fcicnce : and in (he 
gradual progrefs of mod nations, from the favage to (he 
ihepherd ftale, thence to the agricultural, and farther to the 
commercial date, it would be very long before they would 
think of attaching any other meaning to the terms in the dif- 
ferent 'languages, correfponding to power, force, a6lion, re- 
fifiance, repulfion, &c. than thofe which were manifefily re- 
ferable to the different kinds of human, or of animal exertion ; 
in fubrequent times when fpientific noen began to clafiify, 
« arrange, and fyfiematize the phenomena which they obferved 
in the congrefs, motion, and mutual operation of bodies, they 
found it much eafier to denote the circumflances they would 
deferibe of treat of, by a figurative application of old terms, 
to which fome analogous notions would neceffarily be attached 
by every perfqn, than to invent new ones, which would bo 
aJJgQ^ed by no ideas independant of an arbitrary definition* 
Nor, in this application, was there any danger of important 

error 
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fSTTor, for the things to which the terms were slppropriafed ^ , 

would exhibit* hich tpecific differences as would alnioft entirely h 

pieclude the chance ctf confounding one with another ; and^^// 

leave no room to fear, that wljen the terms were applied lA 

inanttfiHle beings, they would concluded to exert ffrength, 

or to pollVfs power, as animals di^V,; any more than wc flioukl^ 

now fear being miluttrlerffood wheir'we fpeak of the force of 

argument, the atlr.i6ii(jns of benevolence, tlie fafclnations of 

beauty, or the repuHive tendency of envy. Thus, frpm 

^contemplating the piocels of this gradual refinement, (are* 

finemeiu produced not by barren fpeculators, but by the 

tieccfiary demands occafioned by the progrefs of civilization,) 

we Ice itiai the words power and force, primarily ufed <o 

denote antaia! energy, are now, by a natural extcnfion 

grounded up<‘n an obvious analogy, #employed to exprefs 

ejftaetuy in general, li will hence be caly tef aflign the proper 

phdoiopitual acceptation of theic terms, when ufed in the 

fcience ol inechaniC". Force or poiver ^ inn /cw/c, 

X terms torcc aiid 

mat, ufiotever v in ^illicit ctthfcs a vhuvge in the flute of a power. 
b‘ dy, uhti/ter that flute he nfl or mt tion. This defintlion docs 
not require oui enicring into any metaphyfical difquiritions 
reidtivt* t<^ the naluie of caufes. or the connedtion of caule 
and ( tiicl: tiiai e\ery event br«ught about by fotne caufe, 
llifjj IS, by fouie agency, or lomethnig w^hich precedes in the 
oi er of oci urrence, is a truth which 1 tiiinlc none will be 
ddpojed to deny ; but what is the agency, or where it a6lually 
refides^ we tan feldom know, except perhapsnn the cafe of 
our own voluntary adions. It is not then the bufinefs of the Forces only 
met lianill. finely fpeakiug, to enquire into the modm operandi; 
we learn from univeifal experience, that the miifcular energy thence mcafarc- 
of animals, the operation of gravity, el^6lricity, iinpadl, 
preffuic, &c. arc fources of motion, or of modifications of 
motion ; and hence, without pretending to know any thing 
of the eifence of either of thefe, we do not hefitate to call 
them mechanical forces ; becaufe it it incontrovertible that 
bodies expofed to the fice ai^lion of cither, arc pul mio motion, 

‘ or have tlie ftate of their motion changed^ Forces therefore, 
being onty known to os by their effects; can only be meafured 
by the effeAs they produce in like circumffances, whether 
thofe effects be creating, accelerating, retarding, deflesTiiiflJ, 
or preventing motions: and it is by comparing thefe effedls, 

• or 
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or by referring ihem to fome common meafore cf ready ap>* 
pre( latinn, ihat mechanics is made one of the mathematical 
kitnces *, ^ 

Animal efroi\ Thefe ohfervations will enable u* to fet Mr, H. ** right as« 
moIwiicpo^T. idfniity oi uniwul excr^im and fMcintnU: paw&r.** «4()imtl 
I epTort^ are juiily coniideredyooth by the Mathematician and 
^the pradtical Engineer^ aR^conAituting one /^iecies of mechanic 
power ; when thefe efibrts give to bodies equal inomenta« or 
give to equal bodies equal velocities, it is truly faid the 
animals exert equal forces; and we fay that animal power is* 
greater or lefs, as it i» capable of imparling to bodies greater 
or lei's momenta, or as it is capable of flopping bodies moving 
with greater or left momenta : and the language of feientihe 
men is analogous to this wimn they fpeak of any forces what* 
e^er. 

Reply to Mr# It is now time ^.0 proceed to Mr. Hornblower^s animadver- 
mcr^ftltc " up<»n ihe infiance‘1 adduced (and many otiiers might be 
mei^u adduced] (o (lievw Hiat Afr, Smealon*s mcafure of mechanical 

power apd efled is not univerfaily applicable. I aflerted. 


♦ That Ml, Hoinblower may not left upon the mere authority 
of any theoietic man, I heg to throw into this note an extrad 
from the Mtchan que PkiloJr'J.hique ot Al, I’rony, an Engineer, who 
unites With a profound acquAntavee with the theory, an ex ten live 
praQice, and whole example in this refpe^l I Ihould fincerely rejoice 
to fee more frequently imitated in this country. 

La natuie de cetie caufe de mouvement, nommee force ou 
Jiu.\jfance\ nous eft tout-a-fait inconnuc*. Thomme appeile force la 
faculte organique qu’it a dc fe moiivoir, dc s'arrctcr, de produirc 
ou de faiie ceftcr Je mouvement des corps qui l*environnent^ ct 
fans favoir en quoi connAc cette faculte, il a fuppofe qu'il exiftait 
quelque chofe de femblable dans les agens phyfiques qui font ou 
qu'il croit etre, fur le globe teneftre et dans Tunivers, les cautei 
dti mouvement de differens corps. Mais nous n^avons en mc< 
canique, aucun befoin de connaitre la nature de la force ou puiffance 
qui eft rrprtfentee, mefur^e ct introJutte, dans le calcul, unique** 
meni par les ejj'ets qo'eile produtt, Ces effets fe reduifent toujours 
a des vetefles que les puiftkaces ou tendent a donner, ou ont 
efte'£livemeirt donn^es a dc certaines maftee." Parmi les diverfes 
piiiflances que la nature nous ofiire, il en eft une tres fcmarquable 
dont il coiivient de prendre les dfets pour terioe de coniporaifon 
d^eux des autres puiftances ; cVft la pcfantasr ierrefirc a la furface 
JclTtcrre,'’ See. p. 20# 
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tfaat a horfe fiandinf^ Hill and luilainin}^ a uiMgltt whkii to Mr. 

by a cord over a fixed nuicy, would, atier a ii‘ic ‘iKt • .al of V/' **' ^ 
!ime^ be completely faligued, allhntij;li i» •Mht‘r il.t: 'ounid' nf)r 
the weight moved, and that, of' confeq MMu-e, li.ere wa* 4 
powefiMtpended^ of whicii Mr*^S »'.ea!o;i*- ikm fuin ft 

an adequate meafure. Mr H ’*! though h'. undt riioori n«c 
to affirm, that fatigue wac tht' o///y ihauaiidii or mi^huuaal^ 
power expended, infiead of limiting it to animal t iroiL'* .1 rite 
conne6lthn evidently rcquirci^ exclaini<, it i*. real!) 
to be grave on this occ*afion;*^ p. 268. ami argiui^ m a knid f 
exulting drain which favours a little, 1 am .d'a *!, or ‘lu t' nt 
alluded to in the French provi-rh Chanici It 'rjfmr he Ui unt 
la vidoire! Lei us, favi this gentleman, have a poji inficcid 
of the horle, and iurely that uid not tire, and what i*viii be 
the confequence then ? why then there w ill he no power 
expended, and no effefl produced.^* Mi. >J. lii^-n, it would 
feem, has forgotten that the pod is retained in its fruati >n by 
a force which in this cafe oppofes that of Irravit ) ad mg upnn 
the fufpcnded weight. The cord runn ng o\ t r the pulley and 
fuflaining the weight, being lafieiied to the p dl would move 
it, were it not that the rohefi\e force of the earth in winch the 
pod is fixed, changes the itate into u Inch the pofi woohi be 
brought by the adinn of gravity, upon tin* w'ojghi, ai.d is 
fufficient to retain the whole at reft. It <nt* poit were iet m 
loofe fand, or in a quagmire, the wc*ight woulo thaw it away, 
and then 1 fuppofc, even according to Mr. no. ion, thtie 
would be a power expended, and an effedf piodiiced. So 
Hkewife, in Mr, H’s other example, of the iiat Imng upon the 
pin, the force of gravity is balanced b) the colrelive fuic rof 

the w ood or other matter, into vs hich the pm fixed. Bui it 

would be egregious tr. fling to dwell much long<‘i upon ucli in- 
flancesas thefe. Mr. H. conceives, if I have not completely 
mifunderftood his meaning, that there is no nKctian*cal 

power^^ that is not made up of a raaU of matter intivnig 
with a determinate velocity i** and as vfuch an opunon mull 
either arife from negleding to difcriminate Ix r een canie ai d 
• effeff, or from a virtual denial of the whole dodiiiv^s of 
Ratios, (in which powers are excited ivithout any motion 
being produced^) I ftall hope lo be excufed though 1 waflc 
no time on a refutation of any fucb pofition. • 41 ^ 

* Indeed, 
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Indeed, much of Mr. H’s reafoning, not only with refpeft 
to the port and the hal-peg, but throughout bis paper, Teems 
•^o reft upon a tacit aitmiflion (not a cliredt avowal, it is true,) 
or the erroneous notion, that forces exerted by animated 
beings, and thole opera. ing /through the inlerventioi^>f in- 
^animate things, are totally diftind, and cannot be fuhftifated 
the one for the other, of have a fair comparifnn inftituled 
Familiar lilutlra- Whereas, on the Contrar), not only the 
theory but the practice ot meclmnics, pioceeds up^'n the 
principle, that thole forces are equal in degree, however 
different in their origm, or various in their mode of operation, 
which produce equal efllicls. Thus, for a familiar example, 
in the boring of a piece of ordnance ; the borer may either 
be brought up to its proper polition m the gun b) the action 
of a roan on ihebandkjs of a wheel, conneded with lheJ)orer 
by rack and pinum wr^irk, or by the action of a weight at- 
tached to the farther end of a‘ lever proceeding from the axle 
of the lame wheel : and Mr. li, might as well deny the 
poflibilily of the work perfoimed being the lame in both Ihefe 
cafes, as deny that a weight is kept from fnlhng by an equal 
force, when prevented either by an animal, or b\ a fixed in- 
animate objedl ; or deny that there is an expenditure of me- 
chanic power W'hen a roan f out*tera6ts (he operation of gravity 
upon his arm, when extended. horizontally. While Ipeaking 
of the propiiftiion which includes any fuch denial, we may 
fafely apply to it Mr, H’s own language ; — A more errone- 
ous propofition was never introduced into the theory or 
pradtice of mechanics.** 

Mr„Hornblower has taken (he trouble of extrafting fe\'cral 
paflages from the Article Machinerv, Sup. Envy, Bnlan, 
Mrftakeof and among them has taken that which exhibits Profclfor 
Pr ofeflbr Robi- Robifon's mealure of the exertion of a man, who walks at 
the rale of CO feet per minute, and railes a weight of 30 
pounds. The roeafure 57600, which this gentleman thinks 
enormoufty too large, is, in faft, too fmail, in fo far as it 
docs not include that pari of the exertion required by the man 
to move himfelf. It was this omiftioh of the learned Profeftbr 
that induced roe to lay down the general ftatement at p. 152 
of your 43d Number, though I thought it might be deemed 
itfricTuous if 1 fpccified my motives in that place. But w’hen 


Mr. H. had commenced the labour of dxlrading, it would 

fur^jr 
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forcly have been but candid to produce a paHage which ftrike* 
with great force againfl; the univerfahiy of Mr. Stneaton’a 
ixieafure, at the fame time that it admits the utility of thi^r' / 
ineafure to engineers in many ctffes. This paffage is if / 
follow^^:-*— When a weight </ five pounds is employed to 
drag up a weight of three pounds^ by means of a thread ov^r^HSrt* * 
a pulley^ it defeends with a motion uniformly accelerated;, 
four feet in the firft fecond. Mr. Smealon would call this an 
expenditure of a mechanical power 20, The weight these 
pounds is raifed four feet. Mr. Smeaton would call this a 
mechanical effedl 12. Therefore the efied produced is not 
adequate to the power expended. But the fa6t is, that the 
preflu re, ftrain^ or mechanical power, really exerted in this 
experiment, is neither five nor three pounds; the five pound 
weight would have fallen U> feet, but it falls only four. A 
force has therefore a€led on it fufliciet^Ao niake it deferibe 12 
feet in a fecond, with a uniformly accde|atcd motion, for it 
has counteracted fo much of its weight. The thread was 
ilrained with a fi>rf‘c equal to pounds, or J of 5 pounds;. 

In like manner, tlie three pound weight would have fallen 
16' fuct ; hut it was railed four feet. Here was a change 
prct ifeiy equal to the other. A force of 3| pounds ad.ing on 
a mafs whofe matter is only three* will in a fecotid, caiife it 
to deferibe 20 feel with a uniformly accelerated motion. Now 
5x1'^ mid 3 X *20, give the fame product CO, And thus we 
lee, that tlic qumUty q/' motion extinguijkcd or produced, and 
not the produSt qf tite weight and height, is the true unequivocal 
tneafure of mechanical power really expended, or the mecfuinicai 
qffetl reidly produced ; and that th^ two are always equal and 
oppofUe. At the fame time, Mr. Smeaton’s theorem merits 
the attention of engineers ; becaufe it generally meafures the 
opportunities that we have for procuring the exertion of 
power. In Jbnu: fenfe, Mr* Smeaton may fay, that the quantity 
of water multiplied by the height from which it defeends in 
working our machines, is the meafure of the power expended; 
becaufe we muft raifetlus quantity to the dam again, in order 
* to have the fame ufe of it. It Is expended, but not employ- 
ed, for the water at leaving the wheel is Bill able to do fbme- 
thing.'* 

In oppofition to all this* Mr. H. I fuppofe, would fa^ tWit ^ 

ibis is not a cale inP point, becaufe, ** if tbe weight defeendb Smcacon both 

quickly <=«««?*= . 

* ' point in debated 
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quickly it ronri pounded with another law, viz. thd 

orci-lciaMOn of giautv*" Or, adoptinj^ other language of 
Vm'- Sini*a:t»n, lie iDlght fetbifl iii'i meafures to •' the height 
iVi'Miifu wh ch a hoii) Jl'rxljj and vqnalli/ delcencled, or to 
wliif-n It via'i raifefL” Bm in Head of the body's afeend- 
itfi; or deiccnding (lov^ Iv and equally, it moved rapidly and 
iriegiilaiK 5 or, if the motion wa< reciprocal ingt the \elocity 
inert a h:\tf trtnn quielcence to a certain magnitude, and 
dfniii. (h ni*- to citilffccm e again; or, if we refer to the re- 
tarded ri:c and a<\fler.dt*fl tall of heavy ftamper^! ; in fuch 
cafes it Sna a.'on*». mralu/e he applicable. I with to fee its 
manner o! a:«p!icaiione\plainet* : and if it be not univerfally ap* 
pJicab c. a pfiinf which I'S, in reality conceded both by Mr. H. 
and M» Smcaion, iheic is thon as to this head no ground of 
dilleretux 1 1 tween and Mr H's laH letter becomes in a 
great meafiire a labour ; for, admitting the want 

ol univeilblit) in the rule, i< admittirg all that 1 nfilirmed. 
Had nut ihc ireafuK* been ohrn very injudrcioiifly exhibited 
a* umve^fal, a thing ehicli Mr. himfelf certainly 

never iiUended, 1 fiioiil*! «ot have at all referred to it in rny 
(orinei paper. • 

Incrnr ^ ’ n- f( n^jjy deemed a flight deviation from the immediate 
objed <*f this Ict»er, but FiniH a juHifnble one, if I briefly 
<i f- nonce the furpnze exprelfed by Mr. H. on account of ProlciTor 
tuifiuj v,u. jgohiloji’s diflinguifldng between weight and hcavinefs. 

Thai the three terms xirri^ht, vlXm\ heavineJSf admit of 

a pdpable and obvious diliin^lron, is, in my opinion, in- 
duhiiub’e : and liU this lime, 1 imagined it was univerfally 
reckoner*, oim' great excellence of an accurate philofophical 
ciji(}iiifi»»<m. ihdi ii cr»mpnTed a careful difcrimination of the 
various arc ‘ptalirms o> thefe-and other terms, which were 
comrnoidv reputed fuv>niii»ous. There may, undoubtedly, 
be occafirms in wlih'h a c*nuii<»us (eli6i«rin from words of nearly 
liniilar irnpnr! mav h<» dilpenfed wdth : but there are many 
xiu>re, particiilaiU when handling philofophical topics, where 
I IS ciifelid . choice cannot be fafely negleQed. And an at- 
leniu^M td this point ap^iears the more neceflary, when it is 
rccoih fill'd, that greater pRrt of the controverfies whrcfi 
have been agita'ed by men of fcience, have been rather 
v^^'baf, than relative to thmgs in themfelves. To contend for 
the uft of many terms to expiefs one idea/ iniiead of feeking 
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for adequate feparate expreflions to denote every idea the ^ 
mind can form, is to facrifice precition and arcuracy at the 
flirine of an ill-judged fuperfluity. The comiuon relemblance / 
between words efteemed fynonimou^, does not compreheiftl 
the a§[fregate fignificationy but fome ifulated particular at- 
tendant upon all» in fome fuch manner as may be traced m . 
individuals of the fame fpectes: there is generally one« if not 
more qualities, on which a manifell ditlindtion depends ; and 
the determination of fuch qualities is highly deferving die 
notice, not only of the linguift^ but of all who aim at philo- 
fopfatcal precition. I have not leifure to look attentively 
over twenty-five clofely printed quarto pages, in order to find 
how Profedbr Robifun ditlinguifiies heavinefs from weight. 

But the labour is unnecetTary ; for the difiin^ion has often 
been made ; and I will lake the liberty of delineating it in the 
ivords of an author who is in no danger of having his fenii- 
inents warped .to fquare with the tenets jof any fpeculative 
mechanical fyAem : I now advert to Dr. Trufier, who in his Tru/l»-’« re- 
work on fynunimous w'ords fpeaks thus : — atnd wa^hu 


" Ilearinefi^ uvigAf.— In tlie figurative fenfe the difference 
of tliefe words i** (o extremely great, a^ needs no pointing 
out ; in the literal itidecd, they are often confounded; con- 
fidered then in this laft renfo, h'fmnefs is that quality in a 
body which we foeh and difiinguiQi by iifelf : ucfiiht is lije 
meufure and degree ol’ that quality, which we cannot alcertajn 
but by comparifon. — We fay abfolutely, and in an undeter- 
mined fenfei that a thing is ; but lelalively, and in a 
manner determined, that it is of fuch a ivcighl, for example, 
of two, three, or four pounds. — A thoufand circumfiances 
prove the heuvinefs of the air ; and the mercury determines 
its fsxa6t Vol. 1. p. 133. 

My letter has attained a much greater magnitude than was 
at firft intended, and I will now conclude it. Tlie femarks 
I have been templed to offer, are founded upon the mofl 
correft interpretation I could pul upon Mr. Hornhlower^s 
language; and if I have any where mifunderfiooc^ his mean- 
ing, I (hall be pleafed to fee that mifunderftanding candidly 
removed. I /entertain great refp^d for that gentleman’s 
talents as a practical engineer; though I cannot but think nim 
completely wrong in moft of thofe remarks which have 
caiioned this conmhinication. 1 have replied to fuch of his 

fliidures 



If 


ilPP^RATVS POA RAISING WA^CR* 


/?ri6lares as bore arvy relation to fn)reiri I believe^ wilhoot 
acrimony : but 1 have a deeply rooted averfion to every thing 
^,.jhat wears the ^firb of controverfy, and ardently hope the 
Afcuflion on my part w*iil be permitted to terminate here. 

I am, Sir, 

Your’s, with much rrfpe6t, 

OLINTHUS GHEGOHY. 

Royal Mil, .Academy, 

Ifoolwicky Aug, 9, IS05. 


IV. 

De/tripfion and TJfeBs of an Apparatus for raffing Water iy 
Meam of Air condl nftd in iti Defecnt through an inverted 
* Syphon, By Mr. William Close. Prom the Invenlor^ 

To Mr. NICHOLSON. 


SIB, 


Daltm, Ju/y 27, 1805. 


|tei'erence to the 
iiithor's fypkon 
engine. 


Defcnptlon of 
another appara- 
tus} 


IN one of my letters, fomc time ago, I briefly noticed an 
experiment I had made, t<,i determine the pradlical value of 
the hydraulic machine, or inverted fvpljon, reprercnled and 
deferibed in the tirft volume of the prelent feries of your Jour- 
nal obferving, that, at Tome future per^r^d, 1 might pro* 
|)ably (ranfmit to you a more particular account. Having 
fince repeated the experiment, ] now fend you a letter upon 
the fubje^, for I am of opinion that a macldne operating upon 
the principle, when conltrucled in the manner herein de* 
feribed, will anfwcr very well, in certain fituation^, to raife 
water for domeflic pui pofe« ; and aIthouj;h it may not becom« 
petent to perform half as much work as a bucket engine by a 
forcing pump, yet it may be kept continually employed, and 
be fubje^ to very little wear, as its operation vfili almofl be 
performed w'ilhout friction. 

I'he invWted fy phon when applied to raife water in the 
manner defcijbcd in this letter, has its higher orifire placed in 
a fit nation to receive both air and water at the fame lime, 
3-i>e,Air being conveyed by the velocity of the aqueous column 


* See Philof. Journal, Vol, I, p.“30, PJ. IV. 
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lo the lowefi part of the fyphoni and colledled in a veflel, Is 
employed as the medium for conveying preflure to raife water 
in another part of the apparatus. f 

In May 1803| I determined to find by experiment, und^ bp^ag an Inrert- 
what d^ree of preiTure it would be moft advantagef)us to colledl ^^fch^carrici 
the condenfed air, and 4ikewife the proportion then exifiiiig down ai;*aQd 
between the two fluids moving tn the fyphon. The appa- 
ratus confiruded for this purpole, is reprefented in Platt L 
fig. 1. It required only a fraall fupply of water, but cc»^ 
denfed the air lufHciently to be employed in the actual con* 
firudion of a machine upon the principle. 

A round vertical pipe A B, half an inch in diameter, and 
22 feet 5 inches in length, had its higher end placed in the 
eiftern A, and its lower connedted to a fmall oblong veflel 
C, which had an inverted glafs bottle c^.mented upon a pro* 

J'efling cylinder on its upper fide. From the other end of the 
afeendod another vertical pipe D E, half an inch in 
diameter, and 18 feet 3 inches in length, and terminated in a 
crook, 4 feet 2 indies below the highell part of the pipe 
A B. 

Tiie whole apparatus being filled with water, the eiftern and this air it 
having a conftant lupply fufficient to keep the furfacc of ^he 
fluid juft above the orifice of the pipe A B, when the orifice watei. 
of emiflion at E w'as opened, the water flowing through A B, 
i arried bubbles of air into the veflTel C, which afeending, dif- 
jilacfd the water in the bottle, and afterwards that contained 
in the veffel C, above the low'er ends of the pipes A B and 
1) E. At the firft efflux, and after the defeent of every ma- 
terial portion of air, the jet at E was projeded feveral inches 
from I lie adjutage, but its curve decreafed during the defeent 
of more air ; ior the bubbles did not rife incefliintly into the 
bottle, but after ftiort intervals of reft, diflodging two or three 
ounces of water each time, with a guggling noife, which was 
very audible lo llie perfon regulating the fupply of the eiftern. 

After the water 'in the veflel C was deprefled lo a level with 
the ends of the pipes, the denfe air carried down A B, afeended 
through D E, and caufed frequent interruptions in the jet ; 
for, expanding under a light preflure, it expelled the w'aler 
in the highefi part of the pipe with violencci and then the 
efflux ceafed for fome time after. • 

VoL. XIl. — S eptember, ISOj, C The 
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The condenfed air, however, could any time be let out, 
by a fmall pipe which was placed within the bottle, and 
opened on the ouMide of the vetFel C. 

' The pipe A B had a joint above the bottom of the eiilern, 
to facilitate the trial of mouth-pieccs of various formfr to find 
by which the apparatus would tip ihemoft air : and it appeared 
that no form, or poiition, conduced more to this etfe^, than 
when the pipe was crooked at lop to receive the water in a 
lH)ri 2 onlal current, and the higher tide of its orifice was not 
more than two lines below the furface of the water in the cif* 
tern. It al(b appeared, that no lefs quantity of air was col« 
le6ted, when the diameter ot the onlicc of emillion was re- 
duced to four lines, than when it was half an inch. 

Ixperiments to »\ftL*r fcveral experiments to dclcrinine the quantity of 
Water requilite to fupply the expcnliiure from the ciflern, and 
ried down with keep the furfac^ of tjie fluid accurately at the height beft 
he wratcr. adapted to the operation ol the apparatus ; feveral trials were 
made to afcerlaiii the quantity of air a given quantity of water 
would convey into the bottle in a given lime. The reiults of 
feveral trials on the 2 1 ft of May I so;?, wi ri* as follow : 

I, The fall being 50 inches, and the orifice ol emiflion four 
lines in diameter, the inverted bottle above C, holding ten 
ounce mealores of v\ater, » was, filled with air, under the pref- 
fare of a column 18 feet high, by 1 1- pints of water flowing 
out at the orifice of enaiflion at K, in 1 K3 leconds. 2. By J ‘3 
pints, in 155 leconds, 3. By I2j pints, in J25 Iccomls. 
By 12 pints. 5. By 11 pits, in yj feconds. 6. By li pints, 
in 114 leconds, 7. By 12 pints, in lt)2 feconds. 8. By 12 
pints, in 108 feconds. 

9. The orifice of einiffion being half an inch in diameter, 
the bottle was filled by 12 pml^, 10. By 13 pints, in 153 
feconds. 1 1. Bv I2y pints. 

12, 1 5. The fall being 4 1 inches, the orifice of cmilTion four 
lines in diameter, 1 J pints tilled the bottle in 95 fecotids ; and 
I !• pints, in 1 20 feconds. 


With an height 
of i 8 feet and 
fal] 50 Inches, 
20 part:, ol w^i^cr 
carric-d down 
(,iie of condenfed 
air. 


The difference in the lime, and the quantity of effluent 
water required to fill the bottle with air, in thefc lirialf, was 
probably occafioncd by a portion of the air being fomclimeR 
contained' in the higher, and at other times in the lower part 
of tbe pipe A B, at the commencement of the effufion : or. 


perhaps. 
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perhaps, in part, by the water in the ciftern not being always 
of the fame height; tor the ciftern did not overflow, but was 
fupplied with great care, fornetitnes by a pump, and fome- 
times by letting water out of a veflel, always? keeping Ihi 
fupply fftm agitating the contents of the ciftern as much as 
poiiible. Had the bottle been larger, there had probably beeh 
more uniformity in the refults of the trials. In eftimation, 

I think, however, we ftiall not overrate the operation of this 
machine, by taking 13 pints for the mean quantity of effluent 
water emitted while the bottle was filling with air; and then 
dedu6ling the quantity expelled from the bottle, it will appear 
tliat 20 parts of water carried one of air down the }>ipe A B : 
and as one (junce meafure of condenfed air at leaft was coU 
ifedled in 14- feconds, fo 16 pints would aulleft every hour. 

Some few days after tliefe experimei^^, liie pipe A B w'as Trial with a 
lengthened to 21* feet 7 inches, and D 1^ to 2ft feet ; but upon j’ length 
trial, the air was carried into the bottle fo^much tlower than * 

before, that a lufpicion arofe that fume part of (he apparatus 
was not air»light ; and on this fuppolition the pipes were 
taken down. . 

In February 1.^01-, the pipes, &c. were examined, and let Lefs an- w^s car- 
up again with conlitleiable care. AB was 24* feet 7 inches 
long ; f) E, ill feet one inch ; ^onlequenlly the ilifFt-rence for 
the fall was 3 feet 6 inches. ' With this apparatus, when the 
diameter of the higher orifice of the pipe D E was four line's, 
it appeared by four trials (Feb. 25, 1S04), that the bottle loft 
only one ounce of water per minute. 

When the pipe D E was fliorlened to 19 feet 7 inches, and 
iiad its liighcr orifice five feet below the furface of the water 
in the ciftern, four ounce roeafur'es of condenfed air defeended 
into llie bottle, during the erniffion of 16 pinis of water, 
through the orifice at E, when half an inch in diameler. 

The diminution in tlie colle6bon of air, in tliefe laft experi- 
i ments, was much more confiderable than was expelled to 
happen,, either from the abforption of the water, or the In- 
1 creafed condenfatjon of the air, which might be occasioned by 
' fo (mail an addition; lieing ntade to the apparatus. The jet at 
F. was projected more fteadily in thefe laft, than in the pre- 
ceding trials ; and the condenfed air, inltead of riftng into the 
bottle in large detache<l bubbles, afeended in a continual ftreftim, 

Jike the evolution of gas fiom the bolloin of an eft'tTvelcing 

C 2 mixture. 
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mixture. From the minute diviiion of the air, it is not im- 
probable, that a fmall portion might be carried along with the 
\ current of water under the bottle, and afcend through the 
^ipe DE; but this was not determined. If there was no 
defc6l in the apparatus, it appears, that it will not b% fo ad- 
wintageous, in the conftruflion of a working machine upon 
this principle, to employ a condenfing column fo heavy as 
feet, as one that is lighter. 

Other trials. feb. 28, 1801*. The pipe AB being tliortened to 22 feet 
5 inches, and D £ to 18 feet 3 inches, the orifice of the ad- 
jutage at E being four lines in diameter, tiie bottle was emp- 
tied by 13, I2|| 1 4-, 13, 13, 12, and 14 pints of effluent 
water, in feven fucceflive trials, as in Ihofe of May, 1803. 

March 9. With « fall 3 feet 9 indies, A B being 15 feet 
one inch, Haifa pint^f air was colie6led during the difeharge 
of 12^ pints of Vvater^. Again, the orifice of erniflion being 
four lines in diameter ; the fail 4 feet 2 inches ; A B 15 feet 8 
inches ; D E 1 1 feet 6 inches ; nine ounce mcafures of air 
were conveyed into the bottle, in one minulCi during the dif- 
cha^’ge of 10 pints of water, in five fucceflive trials : and 
when the diameter of the higher orifice of the pipe D E w as 
half an inch, the fame quantity of air was carried dow n in 50 
feconds, by nine pints of* eluent water, including that dif- 
placed from the bottle. When AB was 15 feel 8 inches; 
DE 13 feet 2 inches; the fall 2 feet 6 inches; nine ounce 
mcafures of air were collected in the bottle, by the difeharge 
of 16 pints, in4)0 feconds; in 105 (econds, by 18 pints; and 
again, by 18 pints, in 90 feconds. 

March 16. The fall being 2 feet; A B 8 feet 5 inches; 
D E 6 feet 5 inches ; and the diameter of its higher orifice 
half an inch ; ten ounce meafures of air wxre colle6led in one 
minute ; again in 64 feconds, when the effluent water niea- 


lured 10 pints; and again in one minute, when 10 pints. 

Having now (hewn what power a machine operating upoa 
this principle may be expelled to polTcfs, I proceed to fliew 
how its principle may be applied to practice. 


Dcfcnptlon of /Vg, 2, Plate /. exhibits a machine for railing water above 
iheciftern. 

conftruatd - •n r • 

ra;!m^ water, K rcprefents a cittern fupplied by a fpringi where there are 

by 4ir condenfcd y^^ater. 

jn .-n inverted 

lyphoB. * W Vv 



apfaratus for raising' water. 

W a well or pit filuafed below the bed or lower level Dcfcnption of 
of the fireamlet ; its depth varying from 6 to 20 feet, 
ing to the elevation to which water is to be raided above iheraifiiig' w^tci, 
cifiern, and the number of progreflive columns by which 
is to afct^d. fyphon. 

A A, a pipe leading from the cillern R, to a bell-fliapech 
veilel B, hxed a little above the bottom of the well, w'ith its 
mouth downwards. 'J'he top of the pipe is crooked, as re- 
prefenfed at A, Fig. 5, and there is a joint below, which 
allows the crooked part to be detached from the rctl. The 
lower end of this pipe is alfo crooked, and turns under the tide 
oi‘ the vellel B. 

C C, a pipe fixed into the top of the velFel B, and carried 
a little above the ciftern, where two fmaller pipes, E and G, 
arc connefled w^ilh it by a ftop-cock. ‘ « 

K, a fmall pipe leading to F, a vefTc^ cr chamber, placed 
in the cifiern R* ^ 

G, another fmall pipe leading to H, a vefTcl or chamber, 
fomewhat lets than F, placed in a higher fituation. This pipe 
has a turn, a foot above the top of the vclFel H. 

1, a pipe leading from the cifiern R to the velFel F. 

K K, a pipe defeending a foot or more below the vefl’el F, 
and then afeending to the veflel p. ♦ 

Ty, a pipe connefled to K, a fool below H, and then car^ 
ried to the conduit or cifiern which receives the raifed water, 

'J'he pipes I, K, L, have each a valve opening upwards. 

'The conflruflion of the cock is reprefented in F/]g, 3. The 
conical barrel has four holes, C, E, G, O, and the turning 
}iart or key, has a notch, or hollow, on each fide in that part 
which moves oppofile thofe holes, fo that the pipes C and E, 
or C and G, may be connedied by a quarter of a turn. When 
the coinmunicalion opens between C and E, the external air 
has accefs to the infide of the pipe G, and to the chamber H 
above, through the opening O ; and when C is joined to G, 
the air is admitted into the chamber F, through the opening 
O, and the pipe E. , 

in the narrowed part of the vcfFel B, a buoy or float is fixed 
upon the elevated end of a crooked lever, moving upon a ho- 
rizontal axis, fupported by pieces attached to the fide of the 
vefFel, Jndead, however, of a common hollow buoy, it will 
be preferable to ufe a body fpecihcally heavier tbgn whaler, and 
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Defcription of adding Weight to the other end of tlie lever, to -make fut h 

the machine as adjuflment, lhat while both are .imrnerfed in water, the body 
conftructed for . , , .v i n n • r ... i 

railing watfir, wiUiiii the vellel B, (hall be a tew oiinces lighter; and, on 

by ajr conrienfed Uie contrary, when il alone in above the water, it (hall be fo 
much heavier tlian itscounlerpoile, which is covered. A fmall. 
oylindrical veiTel inches in diameter, and .ibie . fame in depth, 
filled with water and doled, will probably be fize fiiffident 
for fuch a float; and the proper counlerpoife may be very rea- 
dily and eafily found, by having the lever fixed on its axis 
in a vefTel of water, repeatedly drawing off and replacing the 
fluid in that part of the vefi'el which contains the fioal ; and 
increafmg or diminiftiing the weight, until ihp proper adjufi- 
ment is obtained. But to proceed with our defcription. 

S repreftMus a fmallfyphon fufpended by a lever, with one 
branch in the inficlc,^and the other on the out fide of iht cilicrn 
R, "J'hc outfidc branch being re-curved in the manner repre- 
fented in //'g. 5, it is evident, lhat when the inftrumeni is 
filled, it will dravV water out of the ciflern whenever the ori- 
fice of the re-curved brand) is deprdled below the level of 
the water in the cifteru ; and lhat its oiu-Jialion will be fid- 
pendecl by railing the fame a vc.ry little above that level. 
From the contrary end of the lever, a chair, oi wue de/rends, 
and is connected to the Ifivcr which carries the float; and by. 
this connccilon, the fy phon ih fufpended with the orifice of its 
rc-curvecl branch above the furface of tlie. water in the eifiern, 
while the float occupies the higheft part o! the vuHcl B; fur 
tjic weight of ihe iSphon and lhat ol ihe included column muft 
be fo nearly counterpoiled by tlie chain and an additional 
weighi, lhat it cannot deprefs the lloat, tliough il mufi pdrd’s 
fufficient weight to defeend when allowed by the defeent of 
tile float. 

M reprefents two cuneiform buckets, connefled at their 
hafes by a (ranfverfe parlitiun, and fixed upon a horizontal 
axis, as is more dearly exhibited by the fedion, 1. 

When the bottoms of Ihefe are placed in an oblique direction, 
making an angle with the horizon of 2o or SO degrees, as re- 
prefented in the drawing, 2.) and a finall ilream of 

* water falls from the fyphon, the higher bucket will receive, 
the water, and falling in conlequence of its load, will raife 
Ihtj other bucket, which will now receive the water, and by 
falling will raife the firfl, w’hofe contei^s were emptied in its 

, dcfccRt. 
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defcent. A fmail arm or lever is lixed to the axis of tl)is ap- Defcription of 
fiaratus^ and connedled by a piece of ftronj^ wire to another 
iliorler lever fixed upon the fmaller end ot the turning pari r.iifmg water, 
of the cock C, and by this means the cot k moves with tho»^y 
alternat&Amotion ot the buckets M, when luppijed with whaler, /^phan. 

When the fpacefrotn the top of the vetfel B, to the furfaca • 

of the well is equal to 18 feet, the top of (he chumbtT H, 
above the bottom of F, and the perpendicular height of the 
pipe L| above the bottom of the chamber K, may be each 1 8 
feet. 

The valves and every oilier part of the apparatus being in 
proper order for work ; the well being filled with water; and 
the refervorr K confiantly fuppliedi to as to overflow in one 
part fomewhat low'er than the refi of the brim, w’hlle the 
higher orifice of the pipe A A, is about^tw'o lines below the 
furface of the w’ater, and takes in its full cpiantfly ; the manner 
of bringing this machine into action, and its operation after- 
wards, may be underftood by attending to the following di- 
reflions, and fiatement of particulars ; 

Open the pipe E wdiidi leads to the chamber F, by turning 
the cock C, and water will defeend into F from the ciffem 
X, by (he pipe I : When the chamber is full, place the two 
connefiled buckets M, in a horjzonk'al p<dIlion, and the cock 
C, if properly confirudled and conne^ed with Ihefe buckets, 
will cut ofl' ail communication between the pipe C C and the 
pipes E (t. The air carried down the pipe A A, by the 
column of water which defeends and keeps the well confiantly 
overflowing, will afeend into, and gradually expel a quantity 
ol' water from tiie pipe C C, and afterwarids that contained 
in tlic liigher part of the veffel B alfo. The float receiving 
an ncceflion of weight by lx*ing out of water, will defeend 
and let down the re-curved fyphon S, which will pour water 
upon the buckets below. At this period deprefs (hat bucket 
which by delbending opens a cornniunication between the 
pipes C and E, and no farther attendance will be requifite. 

The preffure of the column in the well, above 1 8 foei high, 
being thrown upon the water in the clramber F, by the inter- 
vention of the condenfed air In the pipe C, the valve in the 
pipe I will be ftmt, and water will afeend from the chamber 
F through the pipe K K into H ; the lyphon 6 will ialfo 
afeend into its plac^*, and ccafe to draw water from the 

ciiicrn* 
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Defcription of cillern. An equilibrium being Toon eftablidied between the 
wnft?uacd*^for column in the well, and the re-afting one included in 

railing water, the pipe K K and the chambers K, H, by the expulfion of 
by air condenfed g water will afterwards aibend much flower 

inaniuvcited , tt »* /r r 

fyphon. H than at nrfl, an equal depreflion of the being 

produced in the pipe C and the chamber F, by the colledling 
of the condenfed air. 

In more or lefs time, according to the capacities of the 
chambers, fo much water will be expelled fiom the lower as 
will fill the higher, the air having been expelled from this lafl, 
through the pipe G, whole outlet is at O in the cock C EGO, 
fig, 3. Water will then begun to afeend into that part of the 
pipe G which rifes from the lop of the ve/ft i, and the adling 
column being lengthened In proportion to the increafing height 
of that which it counterpoifes, the condenicd air will deprefs 
the water in theaveffed B below the float, winch deficnding, 
will lower the rc-curved fyphon, and wa'er will Udi into the 
elevated bucket Ni, which loon afterwards in confequence of 
its load will detcend, and by moving I he coc k above, will 
open a coinmurication hctwx;cn the fnjK*'? G nid G, and be-» 
tween the irfidc of the chamber F and (Ik* external air, when 
the condcided air wdl ruth out, and this vtlVci u fill with vvater 
from toe (’die? , 

I'iu force of the adding column being now thrown upon the 
conic nts of the hightir chamber H, the valve in the pipe K 
will ciofe, and water will alccnd through the pipe L, into 
the ciftern appropriated for its reception. 

At the tirfl ojieroig of the communication between B and 
H, me re-ciiived Aphon S will pour water into the bucket 
laft eievated ; but before the load is fufficienl to move the ap- 
paratus, the fyphon, if properly adapted to its purpofe, will 
be drawn up again, in confequence of the condenfed air being 
expelled fafter from the vefTel B, than it dclcends by the pipe 
A A : for the water will always rife with the greatefl rapidity 
after the turning of the cock, becaufe of the diflerence fub- 
f] fling between the adling and re-adling columns, and the air 
previoufly flored up in the veflel B. The fupply of condenfed 
air, however, being inadequate to i'upporl the difference, an 
equilibrium Toon takes place, by ibe water afeending into tiie 
low^fl part of the pipe C* 


The 
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The fupply of conclenfed air will now continue <o force Defcnption of 
water out of the chamber H, and to deprcfs the fluid in the t'lc machine at 

. , , in, - 1 , conftruttcd for 

pipe C, in an equal degree, until all the water in the cham* raifing watci, 
ber is expelled. The water Will then fink in the higheft part hy air condcnfcA 
of the^ipe K, and the adting and re-afling columns propor- 
tionally lengthening, air will colle6l: in the veflel B ; the float 
and re-curved fyphon will defeend; and before the depreflion 
of water in the pipe K reaches the lower end of the pipe L ; 
before the condenfed air can efcape by expelling the w^ater 
contained in this pipe, the elevated bucket M wdll fall in con- 
ftviuence of water poured into it by the fyphon, and the coin- 
inuniciition between C and E being opened, the condenfed 
air will ru(h out of H, through the open pipe G, w hofe out- 
let is at O in the coc k C E G O, /'Vg. 3 ; the valve in L will 
i’upport the water above it, and the forcyt of the aiFling column 
being again tlirovvn upon the water yi thef cJiamber F, the 
jluul will begin to afcviid into K ; the re^curved fyplion will 
lile and continue in its place as before, until the whaler begins 
to (ill that part oi llie pipe G wliit'h nfrs from the top of the 
chamber H, or, if (here cannot be a lafljci<'nt (piantlly raifed 
from (ho hnver chamber to ill! the higher, until it begins to be 
deprefled into that part ol the pipe K, conneded with the 
bottom of the chamber F ; th(jf)piioii wjli then be let dowm 
by the float, will pour water into the bucket lafl idevaled, and 
tijus again open the communication lietwocn the air-hojder 
BC, and the higher chamber, from which the water will but 
expelled ; and in this manner the alternations will proceed, 
the machine continually raiflng water from one or other of iU 
chambers. 

By additional pipes and chambers, fimilar to G II L, a 
fmaller quantity of water may be raifed ftill higher, the low'ell 
additional chamber being (ixed upon (he (op of the pipe E, 
and the pipe for fupplying it with condenfed air, connected 
to the pipe E. A pipe for fupplying a chamber liiil higher 
mufl be attached to the higheft part of the pipe G ; and it h 
evident, that if E leads to two chamber^’ and G only to one, 

•the machine will regulate its operations fo as to lofe no time. 

It will be requifite, however, to fill the additional chambers 
with water before the machine is fet to work. 

Where the fupply of water is variable, the machine, may 
be adapted by haviiig feveral pipes flmilar to A A, but fome 

wider 
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o^llruited fur 
raiiog watery 
hy air cotitienfed 
lA aA inverted 
fypWA. 


wider and others fmailcff and Ijj fetting fuch of ibefe to work 
as arc requlfite, for whatever may be the increafe or diminu- 
tion of power, the turning of the cock will be duly reguiaWsd 
tlttj iloat. 

The water which Supplies the pipe I, and afcendNP^' the 
apparatus ftiould be cleared^ by filtrattoUy irtsHn iinparUiet 
and (abilaticcs that would obllrudt tiie clofure of the valves. 
The ciftern iliould have .a moveable piece at the place where 
the water overflows, to accommodate the fiuiace of the ftuid 
to the ends of the pipes, that the full quantity of air rnay dc- 
feend with ea: h column, and tljat the maximum of tdrecl may 
be obtained from the fupply* 

To determine how well fiich a combination as that 1 have 
defer ibed would anfwer the purpofe, I had a model con. 
flru^led upon the plan exhibited in Plait 7. /v’". 2 ; but 
having no con vf'bienoe ior an ovcrflov\ing wt "' or ciftern, 1 
was obliged to moJify feme paits, in a manncT tending to 
dirtiinifli its powder. 

The wa:er from the cjltern R, fiiiiL*^ into a capacious veflef, 
from whence, when the machine is at wmk, a hand-pump 
continually raifes it again into a vclTel above, which upphe* 
the cillcrn R through a pipe nearly bait an inc.Ii in dwcicler, 
under a conflant preflbre pf inches charge. The iupply 
keeps the ciftern continualiy overflowing, and iJte furtace of 
the water is calm and always at (he fame height. 

The pipe A A is 8 feel 3 inciurs in lengtii, and half an inch 
in diameter. Its lower end is inlerte<l into the veflel B, which 
is ciofed at bollom, and confiructed of fuch a form as to in- 
clude the lever wdiich carries the float. Above that end of 
the le\»er bearing ibe counterpoiling weight, a vertical pipe 
6 feet 3 inches, is connected to the lop of the veflfel; and 
through this pipe, which is no wider than A, the water afl ends 
and flow’s to the pump: A chain, confiding of pieces of 
wire four or five inches in lengtli, looped together by the 
ends, alfo paifes through it, and connedts the float-lever to 
that which moves the re-curved (yphon S. 

The boltoms of the buckets M are both together 14 inches 
long and 6 broad. The bale partition is 4 inches high. Each 
bucket has an end parallel with the bafe, one inch deep, pro- 
vided with a hole to let out the water when deprefled. The 
cock moves with lets than a pint of water in the elevated 
bucket. 

The 
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Tire goltt in the veflel B, is a fmail cyhodrical copper D fcnptjon of 
vollel, one toch iu height and two inches in diaaieter. Il conftr^edVor 
yi^as iilkd whh water and - clofed before it was Hxed in ks railing water, 
ptaoe. Though equal in bulk only to one ounce and three 
quarierMif w^ter, ,yet it is quite fufficient to move tiie fyphoo fypbon* 
which would work a iafger machine. ^ « 

The pipe C is half an inch in diameter: £, K, G, L, aro 
final.lcr., The valves are leather. 

This machine^ when in good order, raifes water nearly 12 
fhet above the ciftern, at the rate of 20| pints per hour, and 
performs all its operations as well as can be defired. When 
firft let to work, the cock is fo placed as to clofe the top of 
the pipe C, until the condenied air begins to coIie6t in tiie 
veifel B, and then the communication is opened to the chara* 
ber F. If the communication was open at firft, the water 
would be expelled from F into the ciftern,, while the preffure 
was infufticient to clofc the valve in the pipe I. 

Tlie chambers F H being fmall, the Typi)on moves fre- 
quently ; but ill a working machine thefe vcfFelt? fhould not 
only be broad and Ihallow, but capacious, that the wear of 
machinery may be reduced to its ulmoft e>;tent. 

'Fo determine what cjuantily of water flows through the 
apparatus, 1 fixed a (pout upap. top of the ak'ending w’atcr 
pipe?; but in doing this I entangled the ftoat in the veftcl B, 
that it could not be made to work the I’yphon, The effluent 
water, in this unemployed flatc of the machine, including 
half a pint difplaced from the veftel B, amounted to pints. 

The fopcrfluoirs water from the ciflern R meafurud pints 
alfo. If the machine had been working the wafte W'ater would 
hax'e been lets, as part would have been drawn off by the 
fyphon. 

Fiom feveral trials, this model appears to raife wafer above 
the rate that ruiglit be eftimated by the experiment of March 6, 
prt?vioufly related. 

In aiStual pradlice, I think the allow^ancc for wafte and 
working the buckets, of one third or perhaps only of one 
•tbuFth of the fapply» will be tulficient ; then fuppofing the 
apparatus fo adapted to the fupply, as 28 or 30 gallons from 
the cillcrn will raife one gallon 18 k*et, fo 84 or 90 gallons 
will raife one gallon 44 feet, by three afeending coluniii^s. 
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The bucket-engine at frton-Hall, in Cumberland ?• 
fail] lo raife one gallon of water o’O feel high by 36' gallons' 
fupply ; hence, if the wafte water be included, it appears 
that our machine will not be competent lo perform half as 
much work by the fame iupplv, and its peculiar adFantagei 
, depend upon its clprability when conftantly employed* 

I am> Sir, 

Your^s refpeftfiilly, 

WILLIAM CLOSE. 
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Ilemarks on Cocnt Rum ford’s Experimenta relating to tke 
uMaximum Dcnfit^ qf Heater, In, a Letter from il/r.JoiiK 
Dalton, 


to Mr. NICHOLSON.' 


SIR, 


Count Rum* 
ford*s experi- 
ments on the 
max. denfity of 
water con- 
idered. 


Wr, Dalton's 
exper. In this 
Journal on the 
Aame fubje^t. 


In your lafi Number, page 225, is an inlcrefling article on 
the qucliion, At what point of temperature water is orgreatell 
denfily ? From the introdu^ory paragraph 1 was led to expedl^ 
that all the material objeftioiis to the current doflrinc were 
coniidcred and obviated, and that new and convincing argu* 
ments in its fupport would be adduced. In the former of 
theie expeflatjons I was altogether clifappointed ; and ihough 
the new experiments are ingenious and w'cll worth allentton, 
they are not quite lb demon Hrativc to me as they appear to 
be to Co^int Rumford. Perhaps we may both l>e too flrongly, 
blafled tow'ards preconceived theories: how^ever this may be, 
U Teems proper that when new fa6ls are brought forward, we 
ought to reconcile them to the theory efpoufed. 

At page 93 of VoL X. of this Journal, 1 have Rated a num- 
ber of facls and experiments which appear to me trrecon- 
cileable with the notion of water being dcnieR at 40^. I 
believe it 7s denfcR at 32^, or the freezing point ; and it i$ 
my prefent intention to (hew how, on vay hypotliefiS| 1 
plain Count R.’s refults. 


Sec Philof. Journsd, Vol. II. pr 60 , 


\yat«r 



ON THE MAXIMUM DENSITY OF WATER. 




Water expands by heat from fome point (whatever it may Cownt Uum- 
prove to be) by a law which is nearly that of the cxpbi'n^^^ 

the temperature from the faid point, as is evident from Sir on Mr. Dalton's 
Charles Blagden's table. Conicquenlly the force of 
which Wjfter acquires by temperature, is at firft very fmall, lirtic change of 
but increafes to a very contiderable amount before ebullitions by 

^ , r • n z COld nCStC 

The cohefion of the particles of water is a conttant iorce; jj, 

there will therefore be a point of equilibrium between Ihcfe 

two forces; that is, a point at which the increafed temperature 

will be but juft fufticient to counteradl the tenacity, in which 

cafe fto internal motion can enfiie. Whether a diminution in 

denfity in water to the amount of one hundredth or one thou-- 

fandth, or owe ten thotifandlh or more, is the point alluded to, 

is to be determined only by experiment. I apprehend that This change at 

water of 40® is about one ten thoufandth p^rt lighter than water cient to'ptodu« 

of 3'2® ; but that this force of afeent^ is bat juft fufticient a cunencj 

to counterad the tenacity, and confequentJy no motion lakes 

place; in fuel) cafe the diftufion of heat through water is the 

fame as through a folid body. Whenever the difterence in 

denfity exceed^s that juft mentioned, internal motion is ihccon- 

fequence, and that greater in proportion to the difference of 

djntily, which we know may amount to of the whole. 

Count R/s experiments ther^jfore will be explained by ob- —and therefore 
ferving that the thermometer acquired heat by the proper con- pj^red^^^w/ * 
duding power oi w'alcr, as if it had been metal, or any other w,irds .is if thio* 
iolid bod); the temperature acquired >vas greater in 2d 
experiment than in t!ie I ft, becaufe the heat of the ball was aturcs there wis 
greater; but in the 3d experiment the heat of the ball wa.s ^ which 

Inch as to produce a current upwards that almoft precluded defcent!^ 
the defcont of heat, by carrying away the healed particles as 
loon as formed. 


The circurnftances of the two thormometers by the fide 
the ball and the cup, in the two firft experiments not acquiring 
any temperature, is certainly remaikable, and not eafy to be 
explained, even upon Count K .’s principle; for, the fuppo- 
fed defeending current of warm water fliould have Jilled the 
oup and overrtowed, fo as to affed the collateral thermometer. 

’ One inoft important experiment Count H, has omitted, and Important expe- 
which it is f>arlicularly defirable that he, or fome one in pof- 
fefiion of a fimilar apparatus, would perform, erpecially ita!: 4 o'" >nd ihs 
would go further thaivtny other toeftablifh the dodrine ofewr- 
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rents in wafer, when (he temperature varies from 52 to 
This is to repeat the ift experiment, with (he difference that 
the mafi of water fliould be at the temperature 40®, and the? 
ball at 52® ; in which cafe the thermometer in the cup w^ould 
not be at all afleded upon Count R/s principle; Bht if the 
Explanation I have attempted above be accurate, no material 
difference in the refults of the two experiments would be ob' 
(tu’ved. 

I am your’s, 

J. DALTON. 

iJancItefier, Augufi 17, 1805. * 


Either live or 
dead wood may 
be bended. 


Live wood may 
be 


—bended for 
fh I p- building, or 
t'lr te h»cb of 
whp' &c. 

lafterp.ng 

d'.wn )OUiig 

a-eei. 


Tl’.ls the moft 
eai) pioCwis ; 


VI. 

On the Art of t/endmg Wood. By J. H. Hassenfuatz,* 

I 

The optjratloii^of bending may be performed cither on live 
or dead wood, the procefles differing Ijowevcr for ihefe two 
dates. 

I. On the bending of Lire U'ood* 

Live wood has a natural elaflicUy ’I , which varies according 
to its fpccics, fizo, and age, ^l^he larger and older the wood, 
the lefs elaftici ty it pofl'efi'es. 

This operaiion is perlbrincd on wood when growing, either 
to ftraighlcn ii, to give it a figure (uitable to the oiniimenlal 
purpofe for which it is deligncd, or to (hape it to the ufe for 
which the timber is intended when cut. Thus trees may be 
bended, which are intended for the building of (hips, or for 
making the Iclloes of wheels in one piece. 

When trees arc yet young and pliable, their flems are faft- 
enerl down by. ropes, or poles, tir Italics, or frames. In this 
iituation they are confined till they will retain when let loofc 
the curvature that has been given them. 

Of all the modes of bending timber the moft eafy and com- 
modious is that applied to young growing trees ; for their pli- 

* Tranflated from the Journal des Mines, N. 9 p. 47 j, July* 
1S04. 

f In many parts of this paper the writer feems to have ufed the 
wora elafticiic for the property of undergoing flexuie without break- 
ing. T. 

< antnefs 
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aninefs and elafticity enable them to acquire any form that may 
be defired ; fo tliat there are few to which the moil whimiicai 
figures may not be given, v\ilh due care and the requillte pre- 
cautiom; but at the fame time we injure iheir natural coniii- but injurious 
tution^ rdfbrd their progrcC'j, and frequently reduce them to a 
flate of* conftraint and difeafe prejudicial to their growth. 


II. Of the bending of Dead WooiL 

Tl>e bending of wood that is cut dowm and dead, though 
■lore difficult, is yet more in life, becaufe we may choofe fiich moil advanugc- 
is beft adapted to I lie purpofe for which it is dellgned, and 
then give it the fuitable curvature. 

The procefs generally employed is founded on the property The principle is 
caloric poflhfrcs of augmenting the elatlicity of wood by pene- h«V^hkh^iu 
Irating it, and diminifliing this elaflicity 90 quitting it. creale^• ihr pii- 

Tluis when w^e with to bend thin pyrce«j/as the ftaves of 
barrel*?, or the planks of beats, we heat thejn at the part that 
is to be curved, and bend them gradually as they grow hot. 

But heat applied to one part of the wood, wdiile the other **^’“^1^1 heat af. 
is in contact with the air, heats it unequally, and iucrcafes fhe 
j)liablenels but partially ; fo that on bending it, fome parts are occjiions it to 
fli.T and others yield, occafioning an umH|ual cur'^ature, ^i’^*”^*** 

fomelimes cracks or fplinters in ^hetnfide or on the furface of 
the wood. The oyly melliod of remedying this inequality is 
to he.it the wood equally throughout. 

Furinces or ftoves gradually heated are adapted to the pur- Fumaersor 
pole of aflording a uniform heat, and confequently facililaling ^'vcahcatit 
tne curvature ot tlje woodj but in uiing them there is realon may fcorch it. 
lt> lear, that the caloric, while heating (he wood, may expel 
from it the fluids contained in it, char it, and wholly deftroy 
its elaflicity. 

The pliablenefs of wood Is in proportion not to its temper- Humidity as 


well as heat ne- 
celTary to« render 


alure alone, but to its humidity hkewife. The fame wood at 
the fame temperature will be more or lefs pliable in proportion wood phabic. 
to the water contained in it; and at an equal degree of raoif- 
ture its elaflicity will be proportional to its lemperaiiye. 

• We have an inftance of the double influence of heat and The fingu’sj 
moiflure in joining two pieces of wood with a tenon and mor- ^ 

tife, wdiere the mortife is only a third of the breadth of the tenon, 
piece that is driven into it to form the joint. Thefe jointsji fo 
extraordinary in appearance, furprile people fo much, that 

iiioft 
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Heat and molf- itjoft of (hofe who ufe them make a m^’ftery of them. Tho 
to*^bcnd *t?mber • P*"®*^®^** employed in this operation has given rife to the, method 
at prefent in ufe for bending with eafe the largell and fiifieft 
timber: it confiflsin penetrating it with humidity^ and at the 
fame time imparting to it a uniform temperature, then bending 
it, and telling it cool, while it is kept in the form to which it 
has been brought. 

For heating and moiftening the timber, three different pro- 
cefles have been employed: firtl, boiling water; fecondly^ 
(learn; the third, wet fand heated. 

The ftove for the Brit proccfs con fids of a large copper 
boiler, heated by three furnaces, clofed by a movable cover, 
and varying in itsdimenfions according to the fize of the tim- 
ber for which it is intended. Cranes are iifed for raiting tlie 
timber, and puding^it in or taking it out of the boiler, which 
is kept full of water. When the limber is in, the cover is put 
on and beaten down clofe, to diminifli the evaporation of the 
W'ater j the three fires make the water boil, the timber Is healed 
and penetrated with moifiure, and it is then taken out to be 
bent. 

This diflolvfj This procefS|' one of the firft that was employed, has that 

fonieofthccom- of diffolving a part of the proper fubftance of I he wood 

Icflcrib the di- in the boiling water; thq; limber (lirinks in dr\ing, lo as to 

menfionsof ihe become narrower and ftiortcr; its ftrcnglh and elafticity are 
woud. , ” * , 

confiderably diminid^ed, and from thefe alterations occafioned 

by it the procefs is difufed. 

2 d. By fteam. Figures ‘J, 3, and 4, PI. II. reprefent the plan and elc- 
vations of a (leainor. It confifts of a large wooden box, 
formed of (lout planks, held (irmly together by fquarc frames. 
Within are fupports for the timber that is to be expofed lo the 
adlion of the fieam. The dimeniions of the box are regulated 
by the (ize and quantity of the wood intended lo be foflened. 

For fmall (learners a boiler is fixed at one extremity of the 
wooden box, and the wood is introduced at the other through 
an opening, the door of which cither Hides in a groove or turns 
on hinges. For large ones the boiler is fixed in the centre, and 
there is an opening for the timber at each end. In the fide 
oppofitc the boilers are openings a a for arranging the lim- 
it fhouM be co- bcf on the fupports. It is ufual lo leave the wooden boxes ex- 
bid coaduftoiTof externally j but it would be of advantage to 

hlau . cover 


— »1n three dif- 
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«oyer Ihe planks with fome fubftance that is a bad condu^or 
oF heat, to confine the heat that is difengaged irom the fleam 
within. 

Each boiler having a communication with tlie Interior of the 
box, by means oF a pipe, the fleam is diflnbuted to each flage 
by the tubes bh b, fig, 3. The vapour arifing from the boil- 
ing water penetrates the timber with moiflure, heals it, in- 
creafes its elafticily, and renders it fit to be bent. 

Steamers require little care, and little expenfe, but they This procpfs Is 
cannot be ufeil for limber of any great thicknefs, fince they not^expciffivc^”^ 
cannot impart a emperature higher than that of boiling water, but it is not hoc 
and this is not fufficient to give large pieces the degree of pli- 
ahlcnvfs neceflary for bending them. 

This loivnels of temperature gave rife to the invention of 
the farid-flove, which is formed of four flone or brick walls, defcribed. 

In the middle are two furnaces, with v^hich Several circular 
flues communicate, for conveying the hcali^ the heated air, 
and the frnoke, to a chimney rifing from each end. On thefe 
flues arc plates of ciifi iron, which form the bottom of the ca- 
vity in which (he fund is placed ; the flame and fniokc circu- 
in the flues heat thefe plates, and thefe plates heat ihe 
md. This is an imitation of thofe fand-balhs which have been 
Jong employed in many chemicaUprdbeflhs and In fcvcral ma- 
nufadlories. 

As the land may be heated to a IcnipcraUirc above that of 
boding water, it can communicate a greater heat to the tim- 
ber ; but were there nothing but fand and timber in the flove, 
all the gafv'liable fubflances in the timber might be expelled 
by tlic heat, and the timber charred. 

1 o prevent this, one or tw o boilers filled with water are Steam muft be 
placed in the middle of the ilove. The water converted into 
fleam by boiling penetrates the fand with moiflure ; this im- ‘ * 
parts moiflure to the limber ; and thus the heat that pervades • 

the timber expels from it no more moiflure than is replaced by 
the fand, fo that all the proper fubflances of the .timber arc 
prefer ved. • 

‘We will not venture fo affirm however, that no portion of an/J the timber 
the component parts of the wood is evaporated in this opera- injured, 

tion, and that confequently it undergoes no alteration; but 
with the precaution of taking out the wood to bend it as f4oii 
as it is fufliciently hcBtcd and penetrated with moiflure, the 
injury is imper|eplible, 

VoL, Xll,— TEMBERf 1805. D The 
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The fandrftove is covered throughout iU w^le length, to 
retard the evaporation of the rooiflure contained in and 
allow the heat to accumulate fufficiently to give the wood the 


Mui'iDuYatlon 
Ibr me heat* 


The wood may 
be bended hori- 
zontally or ver- 
littlly, 

•■-4>y any me- 
chanic power $ 


proper temperature* ^ 

The pieces of timber are introduced at the ends, placed m 
the middle of the ilove in the direction of its length on bars 
fixedfor the purpofe, and covered with fand. 

When the timber has been heated and penetrated with 
moidure to the proper degree for enaldiag it to adtime thede* 
gree of curvature required^ it is bent to a line dedgnating the 
curve. J 

The timber may be bent in two ways, either horizontally or 
vertically; the former is afed for pieces of fmalier dimendons 
and greater curvat^e. 

In either waj^ the force that produces the curve is applied 
by means of ropesj tackles, or even capflans. The piece 
mud be kept in the (hape to which it is brought, and thus ! ‘>. 
to dry and grow cold, when it will retain the curvature given 
to it* 


--which may be Frequently when, the piece of wood is thin, preffurc by 
applied various band, or by weights, will bend it (udidehlly, fo that it will 
retain its fiiape on cooling. But the means of bending it may 
be varied to infinity, according to the eladicity of the timber, 
its dze, its temperature, and iu humidity. 


VIL 


Experiments viiule mthe^reat^ in a reverberating Finnace on Caft 
Iron, confirming the eftubiijhed Theory rtjpeetingthc Difiirence 
between caft and malleable Iron, By G. A. Lampa D ies', 
frt^.qfChentiftiy and Aietallnrgy at Frey berg* 


The reverbera- I SHALL llrd deferibe the reverberatory furnace ufed in 
mr^riuce de- experiments. It had three principal parts: 1. the air 

tunnel 


* * EktrsAed by J. F* DaubrulTon, in the J. des Mines, from the 

Sammlung FraBifcb-cbemtfcber AbhanJlungen ‘ PraiVical Chemical 
EiTays/ of-Lainpadius, Voi. II. p. 145. 

Prifc queftion -^5, the Royal Society of Bohemia propofed as a prize qiief- 

of Bohemian tion to fettle the theory of the refining of taking as a balls rhe 
Socjcty, 1795 * labours of Vandernjohde, Befthollet, and Monge, on llie different 

dates 
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itthfiol and afh-holo; 2. the fire-place ; 3. the heartTi and chlin* *'f 

nejr. To obtaii]^the proper degree of heat, the air was coh-gn hearth wi'rhin 
dtt^ed through a vertical tunnel feveral ells long (the Saxon oU and h* chimney 
is hear tyro EngHfh flet}, the lower aperture of which was ^ *^^*®*^**^ * 
dVer « ilr^m of water, and confequently it brought rapidly 
to thp fire«place a fupply of frefh and condenfed air. Thd * 

fuel was wood; the bottom of the furnace was an oval cavity, 
covered with a heavy coating, and capable of containing three 
or four hundred weight of metal. The flame, which traverfed 
the furnace with rapidity, efcaped afterwards through a chim- 
ney eight elljs high. The furnace had an opening capable of 
being clofed at pleafare by an iron door* There was another 
ctbovd the fire-place, a few inches fquarls, fervfng to admit flie 
nozzle of a pair of bellows, or the neck of a retort. 

In the ufe we made of this furnace I had an opportunity of wni- 

obferving very diftinfllyj-'^.hat in the flame of a clofed reverbe- in*the* 
ratory furnace there are always a multitude* of unoxided par- flame of this 
(ides of carbon, which impart to it the capability of reducing 
(difoxiding) metal. This opinion I had already announced on 
occafion of a memoir of Mr. Dacamdra. In fome of out 
trials, making ufe of the wood of the Scotch firi we obferved, 
that the fmoke ifluing out was black and denfe, and this (he 
more the frefher ihe wood ; bufaas Toon as we made ufe of (he 
bellows, the flame appeared clear, becaufe the oxigen intro- 
duced by the air or vapour oxided the carbori that was in the 
flame, and thus produced a greater heat. 


Firfi Experiment with the fimpU Fire of the Furnace^ Exp. T, 

The furnace having been heated for fome hours, and the fire 
being very violent, atout three hundred weight of metal was 2,1 reveit)e- 
Uken from the crucible of (he high furnace, and poured into ratory furnace, 
the reverberating furnace. This call iron, when bmme foltd, 
was gray, and of a fine grain. At the expiration of an hour chiefly carburet 
a frothy fcoria appeared on the furface of the metal, which, to 

itates of iron. Mr. Lampadiot fliared the prtas. Hit memoir may 
be confidered in general as a confirmation and fiipplement to the la- 
bours of the French academicant ^ the experinrents which he ntade 
at Muckenberg in Saxony, in the iron works of Count Von £tn« 
fiedel, afibrding him frefli proofs of this theory. Thefe edperi- 
ments are here i^refentiSi to the reader. D. 

D 2 * judtoe 
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Not removable 
for adhering 
n&euh 


The metal was 
biouglit TO ebul- 
lition. 

Caihurati’d hi- 
drogcu gas cvul 
ved* 


In five hours it 
became white 
and coarl'e 
grained, 
and a little mal- 
leable. 

This was after- 
waids refined 
fooncr than com- 
mon caft iron* 

The procefs of 
refining iron in 
a reverberatory 
furnace 


ihews that car- 
bon is banned 
oil*. 


jadge from appearances, confided chiefly in carburet of irofn^ 
We attempted to remove it; but asfome of the metal adhered 
to il, and came away at the fame time, vve^defifted. Soon 
after, the furnace being clofed, we heaad a continual boilingi 
refembling that of a vifeous fubflance in a clofe vSRel, On 
opening the furnace, we perceived tiiat the whole matter in 
reality boiled, and that bubbles were continually rifing, which 
burft on the fiirface with a beautiful bluifh flame* Thefe jets 
of flame had the colour exhibited by carburaled hidrogen gas. 
7'he boiling continued as long as the fue was kept up ; at the 
fame time a pretty large quantity of fcoria was funned, which 
however could not be removed, on account of the vifeous con- 
fidence now acquired by the metal* Befides, as the metal was 
frequently dirred to prefent a frefl* furface to IIjc air, the fco- 
ria mingled with it. the end of five hours it was no longer 
fluid, and appeaved tqbe refined. It had lofr its gray colour 
and finenefs of ^rain, was white and coutfe grained, and 
fliowed itfelf more malleable, though it was not capable of be- 
ing forged. The refiner carried it to his ordinary furnace, and 
there it was refined in Icfs ime, and required lei'» labour than 
* common cad iron. 

As in this trial we were unable to feparate the fcoria, and 
no change had been made in the form of thi* hearth of the 
common refinery, which ought perhaps to have been done, 
nothing pofitivc can be ad\anced with rofpccl to the practical 
advantage of refining by the help of reverberatory furnaces ; 
we were merely convinced of iU pofllbility, and enabled to 
demondrate the theory of this procefs, that is to fay, of feeing 
clearly what pafTed in the operation. The cad iron was licre 
converted into mailable by means of the oxigen that was in 
the little atmofpheric air, which, jointly with azole and car- 
bonic acid gas, covered the metal in fufion. This oxigen 
combined with the carburet of iron, and then carbonic acid 
gas and oxide of iron were formed ; this produced the bubbles 
of air and the fcoria. The lightnefs of the frothy fcoria, which 
arofe to tjje furface at the beginning, was the reafon of their 
feparation from the' red of the mafs ; but as foon as the air be- 
gan to ad they were dedroyed. 
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Second Experiment ; the Fire of the Furnace bein^ affijlcd by thelxp, II; 

' lapour of IVater. 

I had afk»mp(ed to decompofe carburet of iron in fmall quan- The carburet of 
titles by the help of water in the ilate of vapour. By heating^p^’^J 
the carburet red hot^ tlie water was deconipofccl, and I ob- vapour, 
iained carb(»nic acid gas, bidrogen gas, and oxide of iron. As 
the chief difference between call and malleable iron confifls in Application of 
a certain quantity of carburet of iron coniained in the former, 
and which mufl be feparated to render the iron malleable, I 
was (Ictiions of trying tlie effed of water in vapour on caft 
iron in a reverberatory furnace, principally in order to know 
how far the refining of iron might be carried on in this way. . 

About three hundred weight of call iron of the fame quali- 
ty as before, and jiiff taken from the hi^h funiace, were put 
into the reverberatory ibniace as in the pAfceding experiment ; 
we th(‘n took a large tubulated iron retort, p^lt into it nine or Steam w.is lu- 
ten quarts of water, lilted a gun barrel to its neck, and intro- 
(liKcd thti end of the giin-barrel into the little opening in the 
furnace. The water in the retort was made to boil, fo that 
file fleam ciiffufed ilfelf with the flame over the melted metal. 

At (he expiration of half an hour alMbe maiks of refining that 

had been obfei ved before were pifrceptible ; the ebulJilion was hy which 

co!:flderabIe, and tin* flame that ifllied from the chimney nu)rc* 

•biigiit. ^fVo Iiouis alter the commencement of the procefsJy, 
frefli water was pul into the retort. In about three hours the 
metal began to thicken, and at the end of four hours it exhi- 
bited tlie marks of reflned iron, and we imagined the opera- 
tion to be finiflied. We found the grain of this iron finer, hut the iwn 
however, than that of the iron operated in the preceding 
experiment, and the mafs was full of little blebs. 

We gave it to the refiner, who treated it likaihe former; was lefs ^ 
but to our great aflouiliunent we found that it wrought worfe 
in the refinery fire than caft iron the nioft difficult to re fine. It foie. 
re<juired much moie labour, and an ho^r^s time longer. 

ilaving affayed a fpeeimen in the flale in.which it clime out Theic was more 
of the reverberatory furnace, I found it'to Contain a much 
ger quantity of oxigen. Experience had already taught me, kinds of wail 
iliat iialf a pound of gray call iron, treated in a retort with 
four ounces of .harcoal from which ail carbonic acid gas Had 
• been 
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been expelled^ gave 32* cubic inches of carbonic acid gas. 
An equal quantity of white cad iron afforded 165 cubic inche* 
of the fame air. Four ounces of the cad iron jud taken from 
the reverberatory furnace, mixed with two ounces of charcoal^ 
yielded 96 inches, or 192 inches to half a pound. 

• Hence we may infer, that the proportions of oxigen con* 
tained in thefe different kinds of cad iron arct 

'> In iron fuper«refined by the vapour of water • 192 

Common while tail iron • * » *165 

Gray iron 96 

Thisfu^er- To the iron produced in the experiment jud mentioned, I 
wSd* oxIgM^* ^ epithet foper-redned f. becaufe I conceive it to have 
from the de« been formed as fellows : — ^Tbe water in vapour was decom* 
compofed wtter pofed and dedroved the carburet, asatmofpheric air does in 
its ctfbureu ^ Ordinary renningj but at the fame time this water imparted 
to the iron fo large a fjuantity of oxigen, that in the refinery 
it was neceflary, i|ot only to feparate the fcoria, but to difoxide 
the metal likewife. This experiment farther confirms the pro* 
perty iron poflefles of becoming oxtded in different degrees. 

If this experiment afforded nothing praflically beneficial, it 
has at lead thrown feme new light on the properties of caft 
iron. 

£xp. in. Third Erperiment ; the Fire the Furnace bang offijlcd by the 

J^ion of Bellmvs, 

feelbwi applied The fame furnace was ufed, and the place of the retort in 
bwiiar V*^* the preceding experiment was fepplied by a pair of double 

* bellows mounted with ieaiber» 5 feift (4 f. 8 in.) long, 3 (2 f. 
.10 in.) broad, and 4 (3, f. 9 in.) high at the poderior extremity 

when open. ^ It wi^ fe placed, that the dream of air waspa- 
rallet to the dame and to the middle.of the furnace, and worked 
at the tnte of eight or ten flrokes in a minute. We were de» 
droiii of feding how far the .air thus adided would carry the 
refining ; the furnace being, managed and filled as before, 
Ththest wts At the epd of half. an hour the heat was perceivefi to bo 
mochgiciur. much gr/s^ter than in tli^,lird and fecond experiments. The 
phenomena of ibi^efining already mentioned appeared in fuC- 

* Fi'obabfy this it an error of the prefs in the original : as it does 
not agree with Uic proportion aligned in the next paragraph, one 
of the two mud be wrong. 
i Or furchargtd with oxigetu 

ceffion; 
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ceffion ; but infiead of the frothy fcoria obtained in the The fcorii 
etfay^ a very fluid flratum was tbrmedi which diffufed itfelf "**^**^^**’ 
over the indted metal, and prevented its refining. This fco- It was blackitK 
rja» when^rown folid, was of a blackiili brown colour 
vitreous fracture. We endeavoured more than once lb re- and not to be 
move it,, but the flratum was fo thin as to render it • 

cable : As foon as one ftratum was removed, another formed. Stirring pro- 
At the expiration of four hours, the metal being ftill very fluid, 
we began to flir it, in order to bring its diflerent parti fuccef- tiiiating com- 
fively into contact with the air ; this produced an extraordinary buftion. 
beat in the furnace, combuflbn, and fcintillaiion, refembling 
that which takes place when iron wire is .burnt in oxigen gas* 

This oxidation always produced freih fcoria : as foon as we 
defified from ftirring, every thing became quiet, and the flra- . 
turn of fcoria prevented the oxidation. ^At length, after three 
hours longer, making feven in alb dtnv'ng which the melted 
mafs had frequently been flirred, it feemed to thicken $ per- 
ceiving too, (hat it dirniniflied confiderably in quantity, the 
fire was damped, and the matter left lo cool in the furnace. It 
was afterward weighed, and found to have loft much of its weight, 
weighs Its extraordinary fradure gave reafon lo prefume a Its fra£ture com- 
high degree of oxidation; for inftead of being gray and gra-P*^ fiivcry. 
nulous, it was compa^, and of,a Silver white. It was inter- 
fperfed with a large quantity of Tpherica! cavities, greater or 
lets in fizi;, which evidently announced the cxiftence of an ae- 
riform fluid, that had been extricated during Ihefufton. 

This mafs was too fmall to be reined. Having examined There v^is much 
the quantity of oxigen it contained in the farUe manner as with rcj^Vinder ac- 
fhe other fpeciinens, f found that four ounces yielded 87 colxccjuifed much oi- 
inches of oxigen gas, and confequenlly nine Inches Ie(s than*®’®”* 
that sivhich bad been treated by means of aqueous vapour. 

Thus probably here too the oxidation w'as too povrerlul, and 
tlie iron was fuper-refined. As the metal did not become without pafling 
doughy in the cour fe of the procefs, it muft have been fuper- 
faturated with oxigen without pafting through the ftate of mal- 
leable iron. The carburet, it is true, muft have been totally The carburet 
ileftroyed daring the operation, which .produced the filvery 
hue. 





BURSTING OF TWO MUSQ^VET Bi'EREtS. 


Bcmarks on the burfiing qf two Mufquet Barrels by a Charge of 
Gm-powder confined bi/ Sand, W. N. • 


A thin mufquet •jC^ART of the barrel of a mufquet of which the internal di- 
barrei burlt. ametef was fix and a half tenths of an inch, was corked at 
one end, and fine fand to the depth of twelve inches was 
poured in : upon this was poured two inches of gunpowder 
. and a fmall tube (of glafs) was (hen fiuck in the gunpowder, 
and the bore of the tube, w hich was about one twentieth of 
an inch diameter^ was filled alfo with gunpowder* The length 
of the tube was fufficient to reach clearly above the lop of the 
gun«barre], and all the pft of the fpace in the barrel, being 
about thirteen inchc^ above the charge, was filled with fund 
lightly poured in. (his fiale the barrel was fot up in one 
* corner of a furnape chimney, and a match ftuck into the glafe 
tube and lighted, afforded fufficient time for the afiillants to re- 
move out of (he direct line of expldfion before the effect could 
lake place. 

The difeharge tord (he barrel into feveral contorted pieces 
in the part near the charge ; the upper part fell unaltered, and 
its contents of fand ran tut ^ the lower part alfo fell down, 
but neither its fand nor cork w'ere difturbed, nor w as that por- 
tion of the barrel afi'eded. 

As the thicknefs of the iron did nut exceed one (hirlieth of 
an inch, 1 w'as defirous of repeating the experiment with a 
firongcr piece, 

A thicker bar- A mufquet barrel, 2| feet long, diameter of bore five tenths 
rel charged with Qf and thicknefs of metal at the breach full one quar- 

^ charged w ith 278 grains, or a little more 

than half an ounce troy of gunpowder, which occupied the 
fpace of four inches. Upon this charge was poured fine fand 
to the depth of twelve inches, weighing 1 lot grains, or about 
* ^ ounces troy, and upon this w’as lightly prefl'ed down a foft 

wadding pf gauze paper, for the purpofeof allowing the bar- 
rel to be placed horizontally without any fubfequenldiflurbance 
of its ciiarge. It was fafely placed in an horizontal pofition 
and fired at the touch hole by means of a train. 

Effcft of the barrel was torn afunder for the lenglh.of eight inches, 

cxplofioD. the part neared (he brcach-pin being opened nearly to fiatnefs. 

f The 
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The fand remained in the barrel. lu face ncareft the blaft wa| 
confoliclated Ip a very fmali deplbi and 1 think the malii bad 
been removed or elfe jammed more clpfely together ; for the 
fpace unoccupied between the place where the breach pin bad 
been and tfie furfacc of the fand was fui! nine inches. But as 
the fand was not immediately noticed, I cannot be fare that 
none might have been driven or fallen out, during or after the 
blall ; though 1 am dilpofed to think not. 

It muft be remarked, that the powder was a very full charge. Remarks* 
and that the fand weighed as much as fix Riur,cet.-balls of half 
an inch diameter. 1 do not however apprehend that the barrel 
would have buril with fix balls. 

The blading of rocks, the fpliUing of logs pf wood, and Ufes. 
the deftru^lion of artillery when on -the point of betng«aban- 
doned to the enemy, arc the leading purfMifes in which tlic ap- 
plication of (and to confine gunpowdej^ is liikely to become 
ulcful. 


IX. 

Report of a Method <f weq/urvi/s^ the iuilial Velocity vf Pro» 
jeetiles dijchar^cti from firc^arm^ both horizart tally and xvilh 
dd/'e^eut L/eiatamSf inadt to the PliyfuaL and MathanaUcql 
CloJ's uj the Nui/anal InjUtute by Mr, l*uoN v, Dec, J 1, 1803. 
Abnd'^edfrom the Original*. 

It ii not much above fixty years fince experiment began to Robins ttrft 

be applied wdlh (uccefs to the theory of projediles, projeci^" 

Benj! Robins, who may be ell ee mod the 6rft in this career, tiles by the pea- 

employed a pendulum to determine the initial velocity ol 

inulkct balls, nicafuring it by the arc of ofcillalion. He Ilkc' and the recoil of 

wife ipeafured the recoil, by rufpending. the gun-ban el 

the pendulum. . * 

About ten years after, the Chev. d’Arcy publiflied a feries D'Arcy made 
of experiments in the memoirs of. the French Academy ol 
•Sciences, in which he employed two pendulums againrt one pendulums, 
of which the ball was projected, while the other, to which the 
gun-barrtd was fufpended, ferved to ineafufe the recoil. 

' *Jo /aaldes Mines, No. 02, p. 117, May, 1S04. * 

FifWci^ 
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l>r»Hiitt(irtMr]th Fifteen years after this Dr. Hutton made many experimenta 
balb* Woolwich with cannon balls by means of the pendulnm. 
Count Rum* About the year 177^^ Count Rumford improved this me« 
men* of trial, and invented a very fimple method of Jafpendtng 

the gun-barrel fo that the recoil took place without the axit 
r ceafing to be horizontal. 

pr. Hutton’s Laftly, Dr. Hutton refumed the fubje6t, and made a nnmber 
experiments from 1785 to 1786, with much care, and at 
oathefubje£k great expcnfe^ on both kinds df pendulum. Thefe may be 
confidered as forihihg the moft complete and inftru^ive treatlfe 
we itave on experimental ballifttcs. 

Antom’s de- We have not mentioned the labours of Antoni, but we muft 
tSyTmachincT over a machine defcribed by him in his eflfay on gun- 

powder. This, which he fays was invented by a mechanic 
named Mathey, con^fts of a horizontal cirt:lc, the centre of 
which is fuppforhiid by the fuperior extremity of a vertical axis, 
and ferves as a hafe to a cylindrical envelope of paper. A 
rotatory motion is given to this cylinder by means of a cord 
palling over a leading pulley; and the projeflile being dif- 
charged horizontally, when the angular velocity of the machine 
is uniform, in a vertical plane in which the axis is found, pierces 
the cylinder in two points, the diftance of the fecond of which 
from the diameter pafhilg through the (irft meafures the 
arc defcribed by the machine during the paflage of the pro- 
jedlile. “ 

Col. Grobert’s The machine recently invented by Col. Grobert is con- 
flrnaed as follows : 

feribed. A horizontal rotatory axis 54 dec. ( 1 1 feet ) long carries 

Iteoufiftsoftwoat each extremity a pafteboard dtfle perpendicular to it, and 
fTvluvl^g twiwy ^ whole may turn rapidly without dc- 

at the extremi- ranging the refpe^ive pofttions of the parts. 

^ rotatory motion is given to the two dilks by means of a 
weight fufpended to the end of a cord, which, after having 
paired over a pulley ten or twelve yards from the ground, is 
rolled upon a wheel and axle level with the difks* An end- 
Icfs chains paflTing round the wheel and the rotatory axis of the 
difks, communicates to this axis the motion which the weight 
in its defeent iifipdrls to the wheel. 

The advantages this machine polfefTes over Mathey’s confift 
in th^ horizontal pofition of its axis, which admits the utmoft 
degree of firmnefs and regularity in the pufition and motion of 
^ the 


Col. Grobert’s 


ties of' an hori- 
BOAtal axis. 
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liie diiks : in the. projefiiie not traverfing a cylindrical furface; Thf pn>je£tik it 
but two vertical planes, the extent and diflance rf wliicb may bo*iS?dl5tsl*^na 
be copllderable, and thus give very accurate meafures : and the mtsdon ^ 
its being'oapabIe» which no other apparatus it, of meafaring 
the veiocUlhs of balls of difierent fixes projeAed at di^rent oppofite that «« 
elevations. 

All that is necefiary in ufing thif apparatus is to give a uni- Method of ufing 
form and known angular velocity to the diiks ; and to meafure uiihiuiicfiu 
the arpcomprlfed between two planes palTing through the axis 
of the difkt hnd one of them through the hole in one difft, the 
other through the hole in its oppofite* 

In the trials made« the motion became fenfibly uniform, *l*hedef<^t of 
when the weight arrived nearly in the middle of the vertical bmnm 
fpace it had to traverfe, as was found by twice meafuring the unifou&« 
times of the third and fourth quarters of t|ie defeent, and after* 
wards comparing tbefe times with the ^corroTpopdiiig fpaces 
patfed through. An excellent Aop-watch bj^l^ewis Bertboud^ 
and another by Breguet, were ulbd for this purpofe. 

In raoft of the experiments the vertical fpace pafled through 
fay the weight was meafured by the turns and parts of turns nteafured by 
nf the cord wound off in a given number of^ feconds^ as in turns of the 
all refpeAs mod accurate and commodious. 

To meafure tiie arc a icreen, or pafteboard, was fixed before 
each di(k, a very little difiance from it, and the hole in the betwLn hole 
firft dilk being brought oppofile to the hole in its correfponding aud hole* 
fereen, a rod carried through the centre of thefe two holes and 
of the hole in the otlier fereen which would be oppofite them, 
mufi pierce the feconddiik in the plane of the bole in the firfi; 
and the arc comprifed between this point and the centre of the 
bole in the fenher diik would roealurO the angle deferibed by 
the apparatus while the ball was traverfing the length of 


the axis. 

It Is obvious, that the fixed fcreens, which give the abfolute 
direaion of the path of the ball# afford the means of ftiewing to"Seraay**^ 
the defeA of parallelifm, if there beany, between path and of paral- 
the axis on which the diiks revolve.. , . 

The gun-barrel was fixed horizontally, parallel to (be axis bail and tbe 
of the diiks, and at fuch a difiance, that (he concuffion of the 
air by the explofion could not ufieA the motion of the nearefi 
diik. 
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The time fup* 
too ihart 
to allow a mea- 
f arable arc. 


But h did not 
prove fo* 


Thf ftre-arms 
experimtnud 
with. 


Formula fjir cil 
culqtinf the ve 
loci:y. 


Mean velocity 
with a carbinP) 
IS69 t. pei lee, 
with a mufket, 

3397. • 


One thing may naturally Tuggefl: ilfelf, whicli is, that the 
tiiijc of the ball’s paihng from one di(k to the other, through a 
fpace oi three or tour yards^ muft be lefs than of a fecond ; 
and it is difiiicult to conceive, that in (0 (hort a (puce the ditk 
could deferibe an arc capable of being meafured, 

• But this difficulty is eafily folved by the fa€l. When the 
motion became uniform, the wheel and axle commonly made 
0*'833 of a turn in a fecond; and every turn of the, wheel pro- 
duced 7*B75 turns of the axis of the di(ks* wliich confequently 
made 6\S6 turns in a fecond. Thus a point on the ditk three 
feet from the axis would move about 4*1 yards in a fecond, 
and in of a fecond of a yard, or neatly 15 inches, a 
length more than fufficient tor the molt accurate meafurement. 

The experiments were made witii a foldier’s firelrtck and a 
horleman's carbine, (he lengths ot which in the bore were 
3 f. H in. and 2 K 5 iv. 'J'he balls were accurately weigiied, 
found to be on a tjiedium 582 grains Uoy, and eacii wa* im- 
pc llcd by half its weight of ponder. 

Tile loiiowing formula was employed for calculating the 
velocity of the balls. Putting ^ for the femiperiphery, when ra* 
dius is unity =:*3J41 ; k for the ratio between the turns made 
by the wheel and axle and the arbor of the difks; t the time 
employed by the wheel and n>ic to make a mnnbei of turni; 
7i; r the difiance of the hole in ihc fecond ditk from the cenlre; 
a the arc delcribed by this hol<; while the bail palfes from one 
difk to the other ; b the difianco between the diiks; and V tlte 
velocity of the ball : vve fhall have the equation 

V=:^.±.b. 

k t (I 

The mean velocity deduced from ten experiments with the 
carbine was feet and a half in a fec:ond ; that from llie cx- 
p(?rimenls with the muiket, 1397 feet. Thefe being in the 
ratio of 11 to 10 nearly, it would appear, that the length of 
the foldiers’s firelock might be reduced wtlhotU much diminifh- 
ing its rang®*; but there are other circum fiances in a military 
view, by vuhich the length of the weapon ufed by the infantry 
refquircs to be rt^gulated. 

* The difUreriers of the range are much left than thofe of the 
velocitj'. iVc’ Dr, Hutton, — T • 
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The commifliioners marie Tome experiments with half charges With J of pow* 
or with powder only to the quantity of one fourth of the weight 
of llie ball. In thefe the mean velocities were, for the tires 
lock 829 feet, for the carbbie 8^2J. Thefe velocities do 
not ditfer fo much from each other, and contiderably cxcer^d 
the half of thofe given by the full charge, which may be * • 

aferibed chiefly perhaps to the more complete firing of the 
powder. 

The commifli oners were deftrous Itkewifc of making fame »efiftince 
experiments on the refiftance of the air to the motion of the vaij'u 
ball, the diameter of which was from 1.5 to Id millcmctres the vtiouity 
(5*8735 lines to 6*2672,) For this purpofe the* mouth of i|,e 
gun-barrel, w’hich at fir ft wa^ 7 f. 9 in. from the neareft fixed 
fereen, was removed to the diftance of 67 f. 9 in. fn this 
fituation the mean velocity of the mufket-Jbal! was 1127 f. in- 
ftoad of 1397, fo that it was diminiftied nearly^in the ratio of 
42 to 3 1'. The experiments of this kind however, were few 
in number, 

'I’hcre is no doubt but the dimenfions of Co!. GroberFs ap- The apparatus 
parati^s may be enlarged, lo as to adapt it to experiments with 
cannon balls ; though it is not eafy lo fay without trial what vantage, 
dimenfions would be compatible with accuracy of experi- 

ni'Mil. • ^ 

'File Colonel likewifc propofes an alteration in it, for mca- Modt’ of adapt- 
faring the velocity of projectiles at different elevations, as far 
as '13^’, The following is his contrivance fur this purpofe. 

Kuch of the difks has a feparate axis- I'he wheel and axle 
lias a wheel at each end, with an endlefs chain, one turning 
the. arbor of one difk, the other that of the other. Thus^the 
rotatory motion imparted by the defeending weight is com- 
municated equally to botli diffvs at the fame time, ""the wheels 
and arbors being made cxaflly of correfponding dimenfions. 

The ftand of the difk fariheft from the gun is moveable in a 
vertical diredion, fo that it may be raifed to the necelTary 
elevation ; a few links being added to tlie endlefs, chain for 
every different height. As the difk is raifed indeecV, it be- 
comes inclined to the path of the bail ; but as the grealeft 
diminution that can lake place in this way is in the ratio of 
about 7 to 3, a fnfficienl field is ftill left fbr pointing wdlh 
urccifion. 


To 
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T6 prevenl any miftake from want of attention in the perfons 
employed. Col. Grobertihas added certain pieces of meebanirm 
to his apparatus, by means of which the weight, when it hat 
defeended to ascertain point, puts in motion a fecond pendu* 
lum to count the lime, and a fyftem of wheels and pinions 
^'onnected with the wheel and axle to indicate the number of 
turns made by it* By fitnilar contrivances it difeharges the gun, 
and flops the pendulum and the counter of the turns at the 
proper time. Thefe may occafionally be of ufe, but comply 
caled machinery ts always liable to get out of order, and it 
may be difpenfed with here, if the ol^ervers be ever fo little 
expert and attentive. 

It might be fufpefled, that the motion of the firfl difk would 
caulie Tome deflexion of the ball from Its true path before it 
. reached the fecond. ^To afeertain this, three fereens were fixed 
at equal diflanc<>, the fecond and third being placed before the 
firfl and fecond d^fks refpeflively* Now it is obvio.us, that the 
hole in the third fereen would not be in the fame vertical plane 
with thofe made in the tirlt and fecond, if any deviation took 
place. ^ 

A baU being Bred through the apparatus thus arranged, a 
plumb line was fuipended before the centre of the hole in the 
firft fereen, and the moil accurate obfervatlon could not dif- 
cover any deviation, but that the fame line cut the centres of 
all the three holes* This experiment was feveral lim(;s re* 
pealed with the fame event. 

The fa6t no»doubt is, that the extreme fbottnefs of the lime, 
(for the femidiameter of the ball is not the forty thoufandth part 
of a iecond palling the diik) does not allow the difk lenfibly to 
affedl the path of the bail ; much lefs can the bail havek any 
efTedt on the motion of the dilk* 

It may not* be amifs to obferve, that the diflance of the far* 
thefl fereen being about twelve yards only, the inflexions ob* 
ferved by Robins in diftances of a hundred yards were not likely 
to take place. 



INVISIBLE EMISSION OF STEAM. 


CQUCcrning the invi^k Emijfion qf^Steam into the Air* 

* . W. N. 

Soon after Mr» Giddy had mentioned to me the very re* 
markable and curious fai^s of which an account is given at 
page 1 of the prefent Number, 1 was engaged in the experi* 
ments on the fimraertng of water refated at p. 216 of VoL X. 
I then made an experiment which may perhaps in a fmall degree 
elucidate thofe phenomena. A fmall glafs tube was ftuck 
through a cork, and this was then preiTed into the neck of the 
retort in which water was boiling over the lamp. The fteam was 
emitted through this fmaller aperture in a vifible jet of upwards 
of a foot in length. But when a cand/b w^s held with its 
flame immediately beneath the end of the tube, the jet became 
perfectly inviftble. To determine whether the water might 
be decompofed, or the fleam iimply expanded fo far as to be 
abforbed by the air, or if condenled to form a vapour too thin 
to be perceived, 1 fuflered the hot inviiible current which had 
palled through the candle, to pafs through a larger glafs tube. In 
this cafe vifible fleam iffued plentii^liy from the farther end : 
Hence, I am difpofed to judge tlfat the large tube having kept 
the very hot fleam together and cooled it fo as to render it 
vidble again, there was little if any decompofltion of the 
water. But at the fame lime, when we conflder the difap* 
pearance of the denfe fmoke in Mr. Giddy’s experiment, there 
fecms to be great reafoti to think that the charcoal was oxi* 
gcnated and gaztfied. If fo, the products mnfl have been ex* 
panded and invifible fleam, hidrogen and carbonic acid. By 
colleding the products in aii experiment of this kind, Ihefe 
conjeftures will either be verified or refuted. If the former, 
we (hall have the decompofltion of water and oxigenation of 
carbon at a lower temperature than has hitherto been fliewn or 
expefted. 


Steam was «t- 
fibly emltbed u| 
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‘ Experiments made with the Water blowing Machines of the Ir&tt 
Works of Pottllaouen ; by CUizem B E a u n i e k j^nidFG al l o i s ^ 
, Minc^ Engineers * . 


Tw.> kinds of 


mef-^madeto object was to afccrlaln the differences in denfily of 

fliow the effects 2^*^ willuii a blowing machine, under ihe various circi^m- 
©f a blowing Aaiices by which it migljt be affected; and at the fame lime, 

machine. ^ ^ endeavoured tu find uliat may be the moft advantageous 

mode of conftru fling the madnne, to produce the greateff 
with the lead expenditure of water. 

Former accounts Oiie of the chief caules of the doubts that have arifen re* 
aicvbfcure. fpt Cling the ruppretfion. or retaining of certain arrangeujcnls 
in the conftruflion, v*;as the omitting to dclcribe the maciiin<LS, 
the experiraenlh widf which have been compared. We ihali 
theretoie presiouny notice the principal didmdums that m.iy 
bt? made between tbefc macliines, from the triauucr in which 
their eiled is produced. 

Tw.> kinds of Lewis obferve.s, that there are two general methods of 

^vA.cr blovviijg caufing the air to be convened by the water in tiie blowing 
aWii rcu*i\V<l'^ niacliiiHs, In the fird, the water leceives the air by the 
attoj), or fiom lumniit of the machine; in the fecond it receives it by lateral 
the lidc. apertures : and be lays it down as a principle, that thole 
circuni fiances, which promote the effefl m the one cale, are 
detrimental to it in the other. 

General ob- obfeivcd furthei, that if the water be at reft in the 

lovatif ns of funnel of the machine, {Ice Plate 111. Pig. 2.) and aiterward 

bi. Lewy. ],iivc liberty to run off, it carries little or no air with it : that 

a.) upji-hr pipe it the water have a gyratory motion in ihc funnel, it carries 
winch down a confiderablc quantity: and that if it fall from a cer- 

a Jh:)v f r 'if ^ t j ' 

w.tter ..:kI air tail! Iiciglit, fo as to have been greatly divided, it carries dill 
defcer.Ucd. more: that if the water flow through a pipe with lateral 
apertures, it receives air through Ihefe apertures, even when 
its motion is flow ; that if the pipe be of equal .diameter 
throughout, the quantity of air thus received is inconfiderable; 
Lit?tn!apcrrurQ5 but if (he diameter be diminifhed to a certain degree at tho 
^ wliere the aperture^are made, tho quantity of air is 

riir. * greater than could have been introduced through the funnel 


General ob- 
lovatif ns of 
Pi. Lewi*;, 

'i i.c- r-npine is 
a.) upM;:hr pipe 
ti'.ouj.'' winch 
a f r 'if' 
w.tter .iiKl air 
dcfccr.ucd. 


^ Tianilated from the Journal des Mincs, No, 91. 
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^^fitliout any lateral o|K*niiig'; to the air: laftly be obferve*?, 
that iiir conveyed downwani from the top of the lube, or the 
funnel, prevents the inlroduclioii of the iVelh air by lire lateral 
apertures^ which in tiiis cafe, intlcad of receiving more air, 
let that whfWv^as been already introduced efcape. 

Lewis concludes, that the two methods by which air ma/ 
be made to dcfcend with a (ircam of water, ought not to 
be united in one machine; and that the machine confiru^lcd 
with a pipe, a funnel, and apertures to let the air enter 
around or below the throat, produces the mod powetlul 
efTe^. 

The machine on which we made our experiments was of Th'* maclwne of 
the conftrudion which Dr, Lewis has deemed moll advantage- 
oas. See Fig 'i. 

The height of the fall, taken from the bottom of the channel Height of the 
that conveys the water to the upper par^^ of barrel B, is 
SI feet 6 inches, , 

The height of the funnel, from the bottom of the fame Fu n^ta^top 
channel to the throat x, is feven leet. This funnel is of the i pc, 
lhape of a frutlum of an inverted cone, the larger (iiainelc r 
of which is 12 inches, the (malier tour. The remainder of 
the lube down to the barrel, is a cylinder eight inches in 
diameter. * 

The plank N, \2 or 13 inches wide, is fixed one foot B^ndoralr 
below the head of the bairol. Tlie barrel is fix feet high. 

I’he water ifiUes out of the barrel by the triangular apertures The w^t-t flows 
1 1 t, and is conveyed away to a drain by the channel M, the t'enc«ih j 
bottom of which four feet higher than that of the barrel. 

I’he air compielfed by the external W’ater, the level of and rh? air is 
which, as will loon be proved, is from 27 to 30 inches above ^ 

that of the water in the barrel, efcapes through the tube P, it ^ 
which is a hollow cylinder live inches tn diameter. 

This tube P, called alfo the air-pipe, terminates in a conical Air-holes in ihe 
nozzle, having an aperture of two inches only. upr jihtppc. 

Immediately below llie throat .r, are four air-hole*! y y. 

This being premifed, we pjocced to the inllrumcnl em- 
ployed by us tor determining the denfity of the aii in the 
machines. 

It was invented by Citizen Vergnios BouifchtJre, pro- for 
prielor of the iron works at Vic-Dclfos, in the c -devant 

V^oL. XIL—^kPTKMaxa, 18015. K fcoaiily 
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county of Foix, and is a particular kind of barometer, to 
which ihe name of water anemometer has been given. See 
Fjg. 6\ 

It is compofed, 1(1. of a cylinder A; 2d. of » tube c, 
bent twice, the lower extremity of which is /tigifflly conical, 
^nd terminates about two indies below the bottom of the 
cylinder; 3d. of a graduated tube d inferted in a vertical 
portion into the cylinder, and reaching below the level n 
of the water contained in it. ^ 

The tube c being inferted into an auger hole made in the 
tide of the blowing machine, and (lopping that hole clofely, 
the internal compreiled air communicates with the water con- 
tained in the anemometer, prelfcs upon it, and in proportion 
to its denfity raifes to a lefs ot greater height in the graduated 
tube. 

The cylinder A a.-id the tube c arc of tin. The lower part 
of the tube d to, the height of nine inches is of the fame ma- 
terial, to which is fitted a glafs tube about 36 inches long. 

The cylinder A is four inches high and as many in diameter. 
The greatefl diameter of the curved tube is half an inch, the 
fmalleft, at the extremity, a third of an inch,, On obferving 
however, that the fizc of this opening contributed tt) increafe 
the extent of the ofcillailons in the graduated tube, we en- 
de.avourcd to diminirti it much as polhblc. For this pur|x>fe 
we clofed the lower part oi the tube c with foaling wax, in 
which we afterward made a very fmall aperture by paifing a 
heated needle through if. 

The lube d was divided by a (bale of inches, beginning 
from the furface of the water contained in the cylinder 

ACCOUNT OF THE EXPERIMENTS. 

1. T'.xpoiincnU relative to the F ipaiditure of IVater, and the 
Sfiantit^ of Air di/higaged. 

The blowing machine No. I, fee the horizontal projeflion. 
Fig. I . to which for the fake of clearntfs w e fliall refer our 
diifcrent experiments, ferved for the trial. It was placed in 
a T, oppolite the raaclune No. 2, deflined for the fame pur- 

* TTie great difference between the diameter of the tube </, and 
tVat of the cylinder A allows the level to be cofifidered as con^ 
ftrint. 
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pofe. The afflux of waier into each was regulated by means 
of the hatches a and and the diftant floodgate Q, placed 
in the principal channel D. See the plan Fig. I . Plate . 

The>.i|iemumeter was placed in o. Fig. 2, in the diredlion 
of the verti^tube P protradled. The hatch placed in b was 
let down, fo as to prevent the paflage of the water llial way. 

The batch placed in a was raifed, and the flow of water re- 
gulated by means of the floodgate Q. This flow' we varied, 
till we found the water in the graduated tube railed as high 
as could be efledted without any other change of circutnnance. 

When we were certain we had attained this poiin, and that 
no variation in the quantity of water flowing off took place, 
we made the following obfervations. 

1. The mean depth of the w’ater in C, in the little channel, Obfcivatloni. 
juft before the T, w'as 15 inches 6 lines. 

2. The mean depth of the water in tj(!e gjpat channel, w'as 

J8 inches .9 lines. ^ 

3. The water rofe to 26 inches in the graduated tube. The 
ofeiUations varied between 25 and 27 inches, but feldoni 
reached the latter height. 

4. The velocity of the water in the great channel having 
»been obferved, the following data were obtained. 

Examined by means of fimpl^floaters of paper, on an 
extent of 24 feet, we had, 

1ft. The fpacc pafted through in two minutes = 61 feet, 

8 inches, 6 lines, 

2d. The fpace pafted through in four minutes = 120 feet, 

6 inches. 

The fame velocity examined with cork floats, fupporting Method of mea*. 
little balls of wax, the weight of which was augmented by 
bits of lead, fb that they fwam in the middle of the ftream water* 
with a gravity little exceeding that of water, we had for a 
mean of the fpace pafted in two minutes, 63 feet, 7 inches, 

4 lines. 

If we compare thefe different refults, w'e (hall find, that 
the mean velocity of the water may be eftimaled at 30 feet, 

II inches, 1 line, a minute: but as it appears to us that the' 
refults afforded by the cork floats rauft approach neareft the 
truth, we will pay no regard to the quantities before obtained, 
and eftimate the mean velocity of the watei in the greater 
channel, at 31 leet, 9 inches, 8 lines, a minute. 

• E2 
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Now (he breadth of (be channel employed is 3 I’eet^ 
inches, and we obferved, that the current, the velocity of 
which we have given, is J8 inches 9 lines deep. Hence we 
may conclude, that the coniumplion of water by #!€ ma- 
chine, under the circa m /lances above mentijacvedi U 173 
cubic feet in a minute, the height of the column of water in 
the inllrutnenl being 26 inches. 

From the method deferibed in the Hydrodynamics of Bo/Tut, 
we calculated the quantity of air which this mafs of water 
caufes to ilfue from the machine in a given time. This 
quantity of air was found to be 7. 33* cubic feet in a fecond, 
or 4- H in minute *. 

IJ. Experiments on the Ffful of the Air-Holes. 

1. On ftopping the four air-holes, the water in the tube of 
the in/lrument d.clccjl'ded to nine inches, and olciilatcd very 
little. The effiur of the water from the machine acquired a 
velocity fulficient to dimini/h the depth of the water in the little 
channel C, Fig. 1 and 2, near the T, fix inches, 

2. One of the air-holes being opened, the water in the 
tube ofcillated between 22 and 2t tnches. The mean = 23 
inches, 

3. A fecond air-hole beii>e: opened, the mean height of the 
water in the tube vva«i 23 inches. 

4. A third air-liole being opened, tlie columns of water in 
tlie lube rofe to lU lormer height of 26 inches. 

3. The fourth hole being o|^cned, no perceptible allcra- 
tion in the infcrumcnl took place, which proves, that this hole 
lias no etlecl on the machine. 

111. rrperiments on iht Uje of Cr'>f‘s placed at the faperior 
Orifice if the Machine* 

' Some iron-mafiers are accufiomed to place two round bars 
ir. the form of a cro/s at the upper orifice of the innnel of the 
machine. 'Fhefe they imagine incrcafe the of the 

machine by dividing the water at the moment of its fall. 

If thefc refults be compared with thofe of the cylindrical bel- 
lows of the country of Namur, deferibed by Cit. Bailbet, in No. Ifi, 
of the Journal ties Mines, it will appear, that, to give out an equal 
qiyantity of air, the quantity of water expended by the blowing 
machines,. wrhh a fall more than twice its^ height, is nearly double 
tfiat employed to move the cylindrical bellows. 

To 
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To judge of this in the cafe before us, we fiited in ore 
of thefc cToffes, all the other circumtlances remaining as above, 
and then obferved the progrels of the iiiftfiiniciu*. 

The c^olumn of water in the tube frctjut'nlly derconded toTht'v diminl/h 
!21* inches/'®^ fcldom rofe to 26 : whence we may efiiinate^^^**’ 
the mean height, which before was 26 inci»e<;, only 2 1 ’ • 

Niiw this diilerence occalions a diminution csf v<*locit) in 
thY; rfH .X of the air, and confeqnenlly fliews the laullincfs of 
this method under the circurnftances her^ mentioned. 

IV. Experiments on the Efeli of Hatches placed near the Orijice 
of the Machine. 

The hatch a Fig. 1. was replaced in the grooves ada[itecl Advantage of 
to the channel. We aheied iis height from the bottom of the on\Vicr. 
channel, ohteiving the mov^mienls of the anemometer, in 
order lo find the pofjjion mofl favourabh/ for ihc effed of the 
machjne. [ 

The mean Iieigiit of the column of wmter in the lube never 
exccfdjd js li e elcvaiion of the lower part of tlie 

hatch above the ixjttom ot ttic cliannt'l, being then five ii»f‘hes 
one ime ; and it Is reinatkable, that the ditf'erent‘C of a fingle 
line in this elevation lowered (he water in the tube confider- 
ably. ^ 

V. Experiment on the Ciojfcs ivfun the Hatch h ufid. 

The hatch being placed as has jiid !>oen faid, we fitted the When thus re* 
CTO fs again at the fuperior apei lure of the funnel, when the 
water in the lube of the anenioniclcr lunk. Wc then varied 
the height of the lia-cli above the bottom of the channel, 
obh-rving the progrefs ol the inilrumcnt, to determine the 
moll advantageous polition for it under the prefent circiiin- 
flanct s. 

The elevation of five inches eight lines was now fousid The cu»i\ j>ro- 
the moll tavourabht to the circfl. With this the water olcil-^^^‘^‘'‘^^ 
latcd in the lube between 28 and SO inches?, motl frequently 
reaching the latter height, which we could never bring it to 
exceed, whatever clianges wc made in the arrangement of 
the parts tliat compote the machine. 

If we comp ire ihe fituation of the hatch before the addition hnf exn-ndrd 
of the <Tofs, with that which is rnoft fuitablc in the rale 
before us, we find aij incrcafe of leven lines in the heitht 
2 from 
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frnm the bottom of the channel: now this addition to the 
hoi^iu cunfiderably increafcs the quantity of water expended 
by the machine. 

Conclufiom from thejh Experiment^^i^ 

Crnfrai conclu- * (A.) Under the ctrcumdances related in the firll fet of 
fi.jns. I he experiments. 

engine by 173 ' 

cub c feet Tall- 1 . The expenditure of water for the blow'ing machine 

mg through ai which they were made wa^s J73 cubic feet in a minute. 

/:et, drove out • 1 % . n * 1 ■ • 

441 ciibir teet 2. The air emitted from the aperture ot the nozzle, being 

of air ini two inches in diameter, when the anemometer was at 26 

mimuc, un lcr a , . . . i i . 

prclTuK-of :6 inclitis, was 4tl cubic leet in a minute. 

incht*.5 of water (B.) Of the four air-holes in the machine, three only con- 
"nch” of produced. 

curvi which is (C.) The halch placed near the orifice of the machine in- 

rot quite rjpc orealccl its efiei?, when the lower part of it was raifed five 
pouiifi per fquarc . ' 

inch. inches one line itbove the bottom of the channel to which it 

w as filled. 

(D.) A crofs placed at the upper orifice of (he machine 
diininiflies its eflecl when the halch is taken away : on the 
central) the*y inert'afi* it, if the hutch be lo placed, as tt> be 
five inches eight hues above the bottom of the channel, an 
elevation greater than KSat mentioned in the preceding 
paragraph (C.) and which increales the expenditure of 
water. 

From thefe refiilts it may be inferred, that the crofs tliould 
not be ufed in fcveral cafe.-, where the quantity of water with 
wliich the machine is fuppliedi is confined within certain 
limits. 


ANNOTATION. W. N. 


7’b? wj*er blow- 
ing CP.; ne 
farther ciiplain- 

ca. 


The blowing engine deferibed in the preceding memoir 
acT upon the principle of the lateral adhefion of fluids, upon 
w’hich Venturi has fo ably written, in a treatife given entire 
in our Quuito Series of this Journal, and feparately piiblithed 
afterwards by Taylor in Holborn, The fliower of water in 
its defeent through the vertical pipe carries down a mafs of air 
ai^ng with it, in the fame manner as a (hower of rain on the 
furfdce of the fca produces that temporary blafl: of wind, 
3 which 
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whrch feamen term a fquall, and is fufiiciently violent io carry 
away tlie mails of a (hip, if the (ails be nol reduced in time* 

It is evident that this engine polTeires the defireable qualuics 
of cheapnefs and fimplicity ; and Lewis who has wiitten 
fomewhat ‘fiSiy upon in his Fhilofophical Commerce of 
Arts, from experiments of his own^ allerts, (hat it requires • 

much Icfs water for working it than any other kind of bellows 
in ufe. I have no doubt but that many occafions muft oiler 
in which it would be beneficial; but whether its ex pence of 
water be comparative! \ findll, and its power in any cafe 
equal to the fupply of our ftnelting furnaces, may be deferving 
of more enquiry. 

In the excellent paper of Mr. Roebuck on the Devon iron Numerical 
works, inferted in the fifth Volume of the Edinburgh Tranf- 
actions, and alfo in the Quarto Series of this Journal, there of the eflVA oi a 
arc fomc numerical fadls refpecling the /)ia (ha (forded to iron 
furnaces by iron cylinder bellows worked byfhc fleam engine; of air, 
and as they agree very wh* 1I with others given in my Chemical 
Dicl ionary, under the article Trompe, I wili (late them in 
(his ^/lacc, Mr. Roebuck aflirms, (hat one iron lurnace was 
excited by a' blowing cylinder, which gave I j/) cubic feet of 
air It) times per minute, which numbers give a product of 
2-^SO cubic feel. Tliis is (img^he quantity emitted by the 
blowing engine in the text. The fleam engine was eflimated 
to a6l by a pretfure (*f I‘i0o2 lbs. aniwering to lbs. on the 
fquare inch o( the air pifloii, and ibis multiplied by four (eet 
eight inches, the length of ftroke, and by lb, the number ol 
fliokes, gives y75‘2i?(;,(or the weight inultiplicil by its fall in feet. 

Now (he machine in the text was w'oiked by 173 cubic compiifvl with 
feet, or 10812 lbs. of water falling through 21 feet, which [pj, 
gives a product of 227052, or more than one fouilh of the 
ii. fl mover of the fleam engine blall, inflead of one fifth and a 
half. The blowing engine therefore confuined more water by , 

one fourth than would have been required to produce its 
etfedl, according to what was done by the fleam engine 
Hut the fleam engine drove out its air under a reaflion of 
between five and fix inches of mercury in the gage ; a velocity 


which being more than Mr. Roebuck found iiecctfary, was 
a difadvaniageoirs wafle of power. The velocity of the The fleam 
water blowing engine produced by its prelTure of two inches, * 

is moft probably too^fmall; and if (o, the rouUiplicatioli of 

thole 
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lliefe engines would not be adviieable, even if Lewis had 
been in ibe right in fupptding them to lave water. Thefa 
rough computations, or rather eft:males» are lufficienlly near 
foi data lo loofe as thojc uf>on which we have operated ; and 
they appear to iliew that the principal* and pfl^ffiSpa the only 
recommendation of the virater engines is, that many of them 
may be made and applied at a Imall charge, in fituations 
where water wiih a proper fall is plentifully to be had. 


XII. 

J Method of rcnderitif/^ the Img and fiorl lihraiions qf a 
JHtilancef govenitd by u Spring, pneftty tijUtd in 

Duvutioiu Mr, Chaki.es Young, in a LiiUi Jrom 
the Jtnrnior, 

^ To .Mr, NICHOLSON. 

SIR 


Ko^xrUnnion 1 HAVE lately trM main expel inumts upon fprings, with 
fe.vcn ^ obiain »ome knowledge ol «he caules which govern 

Tiid lil "bu- an eflc6l that is very troiiblefome to all makers of chronome^ 
tjona or a t i- (ers ; namedy, that the ions of the balance through Hiort 

tfli! ^ ' arcs, coriitio g of perhaps ninety degrees, are in I'ome in- 
flrunients perfoimid in hinger, and in otiicrs in fliorter limes 
th.in thole long arc-', luch as of luui luindied, Jt is certain 
that no lalisladoiy reatons have been given, either in 
Lpijlaiid or in France, to ihow how this incgularity is pro- 


duced. 

^ - 1 made a niece of brafs to ferve as a large watch balance, 

Ala^meiur- 1 . , .. . I • I •. IJ 

pevdM by a and iulpended il by a bit ol fpnng wire, on which it could 

AHP had viiyiatc as an axi^, then having turned it four or five limes, 
ihorr violation; 1 Itfi i I lo regain its iiotural pofuion*. Il performed all its 
ct^ual. 

♦ This method of fuf|>€nfion has been ufed for philofcphical 
piirpofes, by Mr. Mitchell, (fee Frieftley's Optics,) by Mr, Caven- 
dilh, (fee Phrlof. Tranf. and alfo this Journal quarto II. 44().) 
by Mr. Coulomb, in his nunitrous experiments on Eleflricity and 
Magnet ifm ; and by Mi. Birthoud, in his Time Piece, No, 24. See 
his Ti entile dc la McaAirc du Temps, p. 50. It does not appear 
thif this fpring has yet been ufed by itfelf in time pieces. N, 

/ ” ofcillationi 
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•fcillatlnns precllely in equal limes, whatever was their 
extern, whether they conhiied of Ihiriy degrees, or of three 
thoutand* It tlierelore relumed to the place at which it was 
aired with velocity exa61:Iy proportioned to the forces employ- 
ed to reijitMAil, From this experiment I concluded, that the 
balance Ipring of a watch is not in a dtuation to exert this 
natural quality, but that the difiortion into which it is 
thrown, is fuch as dotiroy this valuable property of ii'ochro- 
nilin. 

The principal circumftance by which the fpiral balance The fpiral fpring 
fpriiig appears to me to be cram|>ed, and prevented from 
operating by its natiiial action tiiroughout, is, tiiul the outer 
extremity is fixed by the rtud, fo tliai it cannot cx^mnd and 
contract in its colls every where ahke, as it ought to do. To hut when its 
remedy this, 1 attached the dud to a draighl fprmg, lying made free by a 
the direction of the tangent of the fpiia/, cmitinued from that ftraight fpnng 
extremity. This fpring by its eaiy a^^ion afiows the fpiral to 
appioaih the centre, and retire from it with great regularity; 
and, what is mod material, it can with certainly be reduced 
to fee’ll u drength, that the long and ftiort vibrations of the 
balance will prove perfeclly equal when this adjudment is 
maiie. For upon the drength of this (liort fpring depends 
the freedom with wdiich the 3xj^^f the balance is enveloped 
by lliat fpring which regulates its motion. Tlie fpring find 
ail()rds a good banking; ibr the banking pin on the balance 
may be ealily plac ed (o as to drike upon the end of the dud in 
the cafe of extreme vibration. 

I am. Sir, 

your*.s mod refpedl fully, 

CHARLES YOUNG, 

ffood Street, Jug, 23, ] 905, 
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Letter on the 
cornpoiitjon of 
lUurifUic ueiJ. 


Water dccom- 

poff'd by gai« 
>3ulfm iliewtil 


—that muriatic 
ac id an vxtUc 
®f hidrogen. 


Some account of 
the experiment. 


Wafer dcpr*vpil 
ot 0x1 gen fi ft 
became acid j 




— ar.d th-'n ap- 
p a ft l ro have 
diffolvcd put of 
the gold wire. 


SCIENTJ F!C NEJrs. 

Cowpo/Uion of Muriatic Acid, 

I M (be ihirr! number of Ihe Edinburgh Medicaland Surgical 
Journal, publlftied July 1 laft, h (he tranfla(ioif^3 letter for- 
waided to the editors of (hat work by the celebrated Fabbroni. 
Ii bear8 dale from Pifa, May 9, 1805, and is written by Dr, 
Francifeo Pacchioni, profeffor of natural philofopy in the uni* 
verfity of that city, to Sig. Lorenzo Pignotli, 

After Tome prefatory ohfervations, the writer announces 
that he has fucceeded by galvanifm in obtaining fa(i-faclory 
evidence of the nature of the conilitueiU principles of muri- 
atic acid. He expreflfes his confidence (hat (he fimpliniy of 
his ap,paratus and means have fecn red him againfl iliehon; but 
for want of time he forbears to relate ihe whole ferics of his 
experiments, r^fults are, 

1. Muriatic acid is an oxide of hidrot^cn. In (he oxige- 
natod muriatic acid and tbeseforc, a Jor/io)i, in muriatic acid 
there is a much Jefs proportion of oxigen than in w ater. &, 
Hidrogen may have very many and ditfcrent degrees of oxida* 
tion. 

The author informs us that having, by accurate experiments, 
aicertained the true theory'«^^. galvanifm, he readily difeovered 
a very (impleand exadl apparatus, in which he could diflindly 
perceive the changes which happfjn to water, which, from 
the continued aftion of the galvanic pile, is copftar.lly lofing 
its oxigen at the lurlaceoi a wiie of very pure gold immerfed 
in it. 

With this apparatus, which I conjo^ure mull have been 
the fame as that ot Davy, in wliieh the ox’gen and hydrogen 
were given otT in fepaiate veilels of water, he oblerved that 
pure oxigen was emiued fioni the gold wiie, that the w-ater 
became ac;d, and w'hen by proceeding in the opeialion until 
the refidual fluid occupied about half the capacity of the re- 
ceiver (that is, I prefumc, when half the fluid in one of the 
vvlUds had difappeared) the remainder v/as found to be of an 
orange colour, more deep tlie Tels quantity of fluid. It re- 
fcmbled a folulion of gold. From the lower orifu e of the 
vciTcl, which was clofed with a piece of taffetas and then with 
double bladder, a fmell was emitted of ox«genaied muriatic 
ac^d. I’ho gohl wire appeared coffod<-d. The bit ol laflllas 

w inch 
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which had been in conta61 with the coloured fluid had under- 
gone an action which rendered iteaflly to be torn. Round the 
edges of the vclfel on die biadder there was a deep purple ring 
and within that a circular fpace rendered colouriefs or white. 

A drop of tTS^aid itfelf tinged the (km of the hand after lome 

hours, of a beautiful rofe colour. • 

The hinie liquid, poffeffing conftantly the fame qualities, QualltJcjs of the 

was obiained in various repetitions of the experiment. It was . . 

^ * It c.intamcdmu- 

(hewn to contain a volatile acul by the white vapours winch r.atic acid. 

were (ormed by ammonia placed near it. It threw down a 
curdy precipitate from nitrate of filver, which (he author con- 
cludes (o have been the muriate o( that metal ; and from live 
whole of the he deduces the rcTults flrft enumerated at 

the beginnig of this abftradt, rcfpe^ling the compolition of 
niunafic acid from water by depriving It of part of its oxigen, 
lie {/lomifes to tieal of the other oxides ()f hydrogen in a me-* 
inon ftv)ril> to appear. f 

The origin and nature of the muriatic acid being thus, as Hence the orlRm 
the aiiliior obferves, determined, there is no longer any myftery 
in itv i’drmation, nor in that of the muriatic fails in the vail ex- 
tern of the ocean, 

7'lie editors of the rerpc6lable Journal, from which I have Ada and alkali 
made this extract take notice of tJiur early difeovery of Cruick- . 

, , , « , 1 1 . r ■ r % 1 • Crujcklliank; m 

lhank (publiftved by him in our quarto lenes lor 1801) that in- iSci tobeform- 

fufion of litmus was reddened by one end of the pile and in- gdvanifai» 

fufion of Biazil wood rendered purple by the other, which he 

ufcribcd to the formation of nitrous acid and ammonia ; and 
they alfo quote the dilcovery of muriatic acid being formed by — and commo'i 
the galvanic adlion by Mr, Peele of Cambridge, which w^as 
announced in Mr. Tilloch's Philofophical Magazine a few days * 
before ProfclTor Pacchioni’s letter was publiflied at Pifa. Mr. muriate of 
Peele’s letter bears date April 23, ISOa. He look a pintof^odi. 
diitilled water and decornpofed half of it by means of galvan^ 
ifm; the other half, being then evaporated, left a fmall quan- 
tity of muriate of foda or common fait. Great attention had 
been paid to the purity of the water; and upon a careful re- 
petition the fame refult w'as again had. In a poflfcript he men- 
tions (iiat a friend of his had tried the experiment and fuc- 
ceeded in the fame manner. 


Literary 
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Tuvelfth report 
of the Nrwcafti'c 
Xsit. and Phil. 
Society. 


Blaflmg rocks i a 
Mr. JtfTup’s 
Spethud^ 


Literary and PhUftjbphical Society of Neuocajlle upon Tyne^ 

THh Literary and Philofophical Societ}' of Newcaflle- 
opon-Tyne have poblifbcd their twelfth year's report. The 
fpiritetl union of literature, fciencc and pra6tical refearch con- 
tinues to form the character of their proceed i^gsT Their li- 
brary encreafes no lefs in value than in magnitude, and they 
have liberally refolved that the fubfcribers to the public li- 
brary at North Shields (and to other fimilar inftilutions which 
rtiall afford an equal accommodation to the members of the 
•• Nowcaffle Society) flial! be admitted to (he rooms without 
** introduction on producing to (he librarian a certificate of 
their being members of fuch infliitutions.'' I will not fup- 
pofe that any of my readers will confider this information as 
merely local. The .advantages of provincial focietics of efii- 
mable and well informed men is of high national importance, 
and it cannot btl' be of general intereft that llic h enlightened 
proceed ing*; as a^e adopted in one part of the kingdom Oiould 
be known and imitated ia every other quaiter, where fiuniar 
circuraflances may render them defirable. 

I have much pleafure in adding the tedimony of Nortlium- 
berland in lavour of (he improvement in Li.M'fing rof k«i, which 
Mr. Jefliip communicated lafl December, tlirough the chan- 
nel of our .Journal. 


— trW with At* the meeting in y\prih Mr. Fogget of SherifT- 

reporti'd, that the new mode of blafiing with fand, de- 
feribed in the Philol. journfil hail been Ined by him, and that, 
contrary to his expe^alion, n had anfwered every purpofe of 
the old mode, with a confidcrable faving of powder, and of 
more llian one-lhird of the labour, and with an entire ireedom 
from rilk. 

At the meeting in May> Mr. Fogget prefented a fe^tion of 
tw o holes drilled and prepared for blafting according to the 
new method : One perpendicular, in which (he charge of 
powder being introduced and the commiinication-ftraw placed, 
the remainder of the hole is filled up with fine dry fand : the 
Ollier a horizontal or afeending hole; in which the powder and 
land, being made up into a cartridge, is in the a6l of being 
tliruft up to the fartlieft extremity of the hole, by a blunt- 
pointed pricker put in by the fide of the communication draw. 


* jReport, page 5.,. 


At 
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Ai the meeting in June an account was communicated by 
Mr. Thornhill ol an accident having happened in Galefliead- ^mining 
Park colliery, by which one man loll his life and another had charge, 
been feverely wounded, in conl'cquence ol the powder hav- 
ing tak^^n firffhi^lhe common mode or tiemmiiig, or ramming 
down the charge with fragmeuls ot flone. A cafe was al(b » 

cited by Mr, Horn ot a perfon who had lately been brought 
from Aldun Moor with his HvalL fra6lured by a fimilar ex- 
plofion. 


A'cti; Prortfi for Stcrphig IJcmp, 

THE new" procol's of M. Bralle for fteeping hemp, which ^ 

h IS the advantage of laving tin f', capital, and the health of 
numerous individuals, and of which an account w’as given at 
page S<»‘ of our lalt voIuitH*, has be(‘n|repcatcd in one of 
the provinces of I'rance, to tl;c entire lati'^fa^on of the inha- 
bitant ,, who might bo ftippofod the Icalf inclined to deviate 
from their accuil<»m^-(l habits. The ftaple was found to be 
excfcJlcrit, and of a luperior firength and (jiiabty when Ipun 
into thread, and after it had palfed (he loom in tlie lorni 
of cloth. 

"" 

AkdicaL TI>a(t''L, St, nurlholoinciv^s lloj'pilah 

THE following c<iur!t*s ol J.tcluies will be delivered at 
this theatre (luring the enluing winter. 

On the theory and practice uJ medicine, by Dr, Roberts 
and Dr. Powell. 

On anatomy and jvh\ hology, by Mr. Abernctby, 

On the theory and praftice of lurgery’, by Mr. Abernethy. 

On comparative anatomy and pliy liology, by Mr. Macartney. 

On chemiftry, by Dr. Edwanls. 

On the materia medica, by Dr. Powell. 

Anatomical demon H rat ions and practical anatomy, by Mr, 
Lawrence. 

The anatomical lectures will begin on TucTday, October I ft, 
at two oVIock, and the other lectures on tlio lucceedmg days 
of the fame week. 

Further particulars may be learned by applying to Mr. 
Nicuoi.son, r the apothecary ^s (liop, Su Bariholumew's 
hofpilal. ^ 
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AN inftituiion ha* been lately edabltHied in London for the 
purpufe of promotin^gr a liberal and ufeful intcrcourfe among 
the difierent branches of the medical profeflion, and of af- 
fording a centre for the reception of communie1?nons^ and tor 
the formation of a felefl and extenfive profcftional library. 
It is called the Medical and Chirurgical Society of London, 
and it comprizes a coniiderable number ot proleOional men of 
the tirti character. The meetings (winch will commence in 
October) will be held at the Society's apaitinents, Vcrulam- 
buildings^ GrayVfnn, w'herc any communicaiious, or dona- 
tions of books arc rcqueftcd to be lent, diiccled to the feert- 
taries. 

The following is a lift of the ofticers and council lor the pre- 
fent year, 

pnESJij ^: yl , Wm. Sauni^eks, m.ti.f.k.s. 

John Ahcrnethy^ Efq* F. R.S. Vicc^Prc^* 

Charles Hockemont /hk,n, Eiij, See. 

JP'f/i, Pahhigton, M.f). F.R.S, Vue^Pres, 

Maithexv BaiUie, M,D. 

Phos» Bateman, M.D. i\L.vS, 

Gilbert Btanr, M.D. F.R.S, 

Sir fVm^ Blharif^Y .B. S. Vicr-Prc9. 

John Cooke, M.T),F./\.8. Vice-Prrs. 

/tjtley Cooper, E/q. F.K.S. Treas. 

James Ciiny^ M.l). F.A.S, 

Sir Walter Faiyuhar, Bart, M.D, 
hompjhn Fnrjier, Efq, 

Algernon Frampton, M.D. 

John Heavifide, Ffq. F.R.S. 

Alex, Murcet, M.D. For, Sec. 

David Pitaiirne, M.D. F.R.S. 

Hen. Hcvcll Bcynold.^, M.D, F.R.S. 
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f Proptriies of blued Steel not generally known. 

IN making fpring'? of fteel the metal is drawn or hammered 
oflt and fafhioned to the defired figure. It is then hardened by * 
ignition to a low red heat and plunging it in water, which 
renders it quite brittle. And laftly, it is tempered either by Hardening, 
blazing or blueing. The operation of blazing confifls in 
fmearing the article with oil or fat, and then healing it till 
thick vapours are emitted and burn off with a blaze. I fup- 
pofe this temperature to be nearly the fame as that of boiling 
mercury, which is generally reckoned to be at the 600*^ of 
Fahrenheit, though, for reafbns I fiiall in future mention, I 
think this point requires to be examined. The operation of 
blueing confifis in lirfi brightening the (uiiace or the fieel, and 
then expofing it to the regulated heat of a plate of metal or a 
charcoal fire, or the (lame of a lamp until llie furface acquires 
a blue colour by oxidatiiui. The remai .able which lA blucfpriag 
have here to prelent to the notice of p^lilo^opI 1 /;r^ are that 
Stodart alFures me that he lias lound the fpijng or elafficity ofreftorca by^bJuc- 
the fieel to be greatly impaircvl by taking off the blue with*”^ **®**'** 
fund paper or otlierwife; and, what is lllll n.tne fi liking, that 
it may be refiored agam by the blu ‘ing proeefs without any 
pleviou^ hardening or other additioird treatirifmi. 

Mr, Hardy, who is merilorioun); known as a ilviltul arlifi,* mdecTs 
afihred me lomt time ago thal the favv-niakeis tirfi harden iheir 
plates in the ufiia! m.inner, in which ftatc tiny arc more or lefst«f’cc:n it by 
contorted or warped, and aie biittlc;-~tiKit th.ey timn blaze 
them; whirl) jnoeeK deprives them ol ali (pungincfs, to by blueing, 
that they may he Ix'iulod anti hammered quite fi.tt, wdiicli is a 
delicatepart of the ait oi f.uv making; — and that iheybluc liiem 
on an hot iron which renders them fiiff and fpringy wnihout 
altering the tlalnefs of their furface. Mr, H. finds that fo ft Soft /ted btued^ 
unhardened fiecd may beiendered moreelafiicby blueing, ^ore by 

that hard fiee! is more cspanlible by heat than foft. heac. 

It is very dlflkullto ipafv>n or even to conjecture upon thefe 
fafts. They certainly delerve to be verified by a direct proeefs 
of examination, which I intend to make, and fhall fiate the 
reiults in our next number. N. 

^ See his banking for time pieces in our XI. Vol. page 1 M. 

Cor- 
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Pre/ervaimi qf SuccidaU Plants, 

Whether the fad be generally in pofleibon of the colledors 
of plants 1 know no|» but it will certainly be inftrudive to 
many readers to be informed that green fucculent plants are 
mocb better preferved after a momentary immeruon in boiling 
water than otiierwife« This treatmenti which I am told is 
adopted for the economical prefer v^tjlon of cabteg^.aaii other 
plants which are dried for keeping, defiroys (lie vegetable life 
at once, and feems to prevent an after procefs of decay or 
snortihcatiotif by which the plant would have been more con* 
fiderably changed, if it had not been fo fuddenly killed. 

CnrreSlions to the 1 \ih Volume. 

P. 159, 1. 2, area r. era . — L 2 1 , r. Acji /. — I .^6, 

Tm lP,Jdr r. o/*.— 1. 2vS, pul a comma before 

i/Mt.—p, 236, i 20 from the bottom, after the words ftreferved 
as add as perfi^ as pojffible, but the prefs recommended hjf Dr, 
Withering does not appearcalculuted, bfc * — 

Dr. Bollock’s eflay upon animal fluids which was communi- 
cated by the author and inferted in our lad number, appeared 
atfoin the third numbei of die Edinburgh Medical and Surgical 
Journal This by a caftiai omifTion of the friend who for- 
warded me maiiufcript was not intimated to me until feve* 
lal days after the paper came to hand. 
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Sect. I. Short Account of a ncm Exptriniml on Heat* 

I have lately made a nevv experiment, the refult of which 
appears to me fuftkienlly interefting to deferve the attention 
of the clafs. 

Whether Having found by experiments often repeated that metallic 
the heating .md bodies expofed in the free air of a large apartment are much 
cd^anUof Wade- fpeedily healed and cooled when their furfaces have been 
ened bodies fol- blackened (over the (lame ot a candle for example) than when 
in'^mal/clofcd*'^ clean and poliflied; J was curious to know whether 

fpaccsaWnfpaces the fame piheiiorncna w'ouid take place ivhcn, inftcad of ex- 
more enUrged ? p^ting bodies in the open air, they thoulcl be placed in 

dole inclallic veilbL furfomulcd b) a certain thicknels of in- 
cluded air, and tliefc vcflcls Ihoukl be then plunged in a large 
mafs of liot or cold water. In order to clear up this impor- 
tant point, 1 made the following expennKoit: 

A cylindrical ^ cylindrical vedM of brafs, three inches in diameter and 
veflel of ihln four inches long was cnclofed in another I;irg^*r cylindrical vcli- 
pofted'^in twf" centre of which It w'as.fnrpen(lc*d I)^ its neck, fo as 

middleof a larger to touch it in no other part, leaving on all tides an interval of 
hire a in- between the vcflels. 

tervalof air b«- The external votlel as well as (he fmuller one included wilh- 

tweea them. jj made oi* linn (beets of brals; its iliamcler is hve inches 

and its height iix. It is one inc h and a half in diameter and 
fix inches high. Its nock is one inch anti a quarter in diame- 
ter and two inches and a half long. 

I'hc interior vclfel is fiifpeuded in tin* centre of the external 
one by a (topper of cork. Thisfiopper i- adjufted to the neck 
qf the external vellbl, and there is a cylindrical iiole of three 
qaarters of an inch diameter through the cork, and having the 
luine axis, which perforation receives the neck of the interior 
ve/Ie! and retains it in its place. 

The interior veiTcl was introduced and fixed in its place be- 
fore the bottom of the exterior vefiel was foldered in. 

The urger vf‘iLl At the Centre of the bottom of the great vefiel is a fmall me- 
lubeiif three quarters of an inch diameter and one inch 
and a half'^Iong, by means o^’ which this inftrumcht is attached 
to a folid heavy foot of metal which fupports it in a vertical 
pofition when the whole infiiument is fiibmerged iu a veiTel 
of water. 

This in(lrument» which greatly refcmbles that deferibed in 
my 7 th effay gn the propagation of heat in fluids, which I have 

called 
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Called tlie Palfage Thermometer^, may be ufed to make a 
number of inlerefting experiments on the cooling of bodies 
tlirough different fluids. In I he prefenl t*xj)eriment I em- 
■ployed it in the following manner: 

The interior velfcl was entirely filled witli hot water to the Jhe 
height or half an int h in its nerk, and a good thermometer, hot water, 
having its cylindric bulb four inches long, was inferted therein, and atliermo- 
The inftrument was then plunged in a mixture of pounded ice 
and water, and the time was noted by means of the thermo- The whole in- 
meler, during which. the hot water in the fmall veflel became in 

cold. and water. 

.1 was careful to plunge the inftrument in this frigorific 
mixture, fo that the large veftel was corit'phdoly fubmergod 
except the upper extremity of its neck ; and 1 added fronr 
lime lo lime a fufiicient quantity of pounded ice, to keep the 
ingorific mixture conftantly and throughout at the temperature 
i}! ineiii ng ice. H 

The following were the refulls afforded by (wo fimilar in- 
ftruments employed at the fame time : 

Theft, t vvo inftruments, wliich I (hall diftinguifti refpQ^ivcIy l^'fults wirh 
i>y the letter^' A and B, arc ot the fame ibrni and dimenfions ; ,V„g which, 
there Is no difi'erence between them but in the ftale of their the ime* 
furfaces. Jn the inftrument A, tlic exterior furface of the 
fmall vetTel and the interior fuiface of the great veffel which and rhe exterior 
inclofes if, are bright and pollftied ; but in the inllrument B, 
the exterior lUrfacc of the fmall v^tfe! and the interior furface the other inftm- 
of the large veffel are black, having been blackened over the 
flame of a candle before the bottom of the great veffel was poiifh-jd. 
fbldered in its place. 

Having filled the interior veflel of each of ihefe inftrumenls intnior 
with boiling water tilt the water rofe to the height of half an bofling^water”^ 
inch in the neck, I placed a thermometer in each, and then 
plinging both mfiruments at the fame time into a tub filled , 

with cold water mixed with pounded ice, I obl'erved the 
courfe of their refrigeration during feveral hours. 

Each of tife inftruments was completely fubmerged in the The refrigerate 
frigorific mixture, excepting about one inch of the fuperior ,,^7 

extremity of the neck of^the exterior veffel, and I was careful wAter. 

* See our Journal, Vol. JX. 

* F 2 " to 
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to aild new quantities of pounded ice from time tb time, m 
order to keep the frigorific mixture conflantly at the precile 
temperature of melting kc. 

As the rpecitid gravity of water at the temperature of three 
or lour degrees of the thermometer of Reaumur, is greater 
than that of melting ice, the water vidiich lies at tlie bottom 
of a veflel containing a mixture of water and pounded ice, 
is ufually warmer than the fluid wliich occupies (he upper 
part of the veflel. To remedy this inconvenience my refri- 
geratory for the frigorific mixture was a tin veffcl fupported 
on three feet of one incii in length, and I placed this lirfl 
vefibl in a larger of wood, containing a ccitain quantity of 
ice furiounding the bottom and part of the fulesof the metallic 
vcfl'el. 

As in (he firll moments of the experiment the thermometers 
defeended loo quickly to be obferved with precififui, I waited 
till each of them had a^|jved at the oSfLh degree of Rtaumur ; 
after which 1 careiuily obferved tlie number of miniitCvS and fc- 
conds employed in pafiing through each interval of five de- 
grees of the low^er part of the Icalc of the thermometer to the 
filth -degree above zero. 

The follow ing tabic exhibits the deprefiion of the therrao- 
melers during eight hours emphiyed in the experiment. 
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Jl h evident from the refulls of this experiment, (hat (he 'The biackcj..'d 
blackened body is conflantly cooled in lels lime than the po« 

Iiflied body ; but it appears by the coniTe of the thcrmometer«, qw'alJy ih.in the 

dial the difierence between the quickncl's of cooling of (hole 

two bodies varies, and that this ditfen nee was let's conliilor- 

able in proportion as the temperature of the bodies wa«; more 

elevated in coniparifon to that of the medium in which they 

were expofed to cool. 

In cooling ftom the 55th degree to (he 50 lIi above the tern- The tilfTerence 
pcralure of the fun ounding medium, the poliflmd 

ployed 1 r*^ t>’, and the blackened body employed 7”* 50* (</ p'.*i.i:urcs ; pro- 
pals through the fame interval. J5ut frorn the lOtli to the 13th U'ciufc the 
degree above the temperature of the medium, the po! i Hied then /h -wid the 

bodv cmploved I Sj™ 46% while the blackened body employed 

• ^ ... . I II I I- in* tuse moii; cur- 

oiijy KV; but it IS extremely probable lliut this difterence redlly. 

bcl ween the proportion of the times employed in cooling the 

two bodies at dillerent temperatures, is only apparent, and 

that it depends on the greater or Ids time recjuired for the 

(hermoinoters in llic vcHIjI.s to arrive at the mean tenspcraturcs 

o( tlic madcs of water which lurtound thorn, 

Jn order to compare the refults of this experiment with thofc Ftom thrfe ex- 
I made lail year with mclallic vetfeb poliHuid and blackened, 

/ pe^i'i ih.1t the 

and left to cool in the undiflurbc'd air of a large chamber, it nte of cooJiag 
is necelldry to afccrlain how much lime the two bodies in 
(jm-Hion employed in cooling, from tiic 5()lh to the lOlb de- with tho other, 
gree of Fahrenheit above the temperature of the medium. the ^ 

Now 1 found by obfcrvalion, that the polilhed veflel A w^rly 
ployed Si)® 3(T to pafs over that interval of cooling, while the with bo- 
blackcned veird B employed only Thole are 

the proportion of 10000 to 5810. By one of my cxperimenls 
made lall year, I found that the times employed in patting 
through the fame interval of cooling in the open air by a clean 
pohihed metallic veflel, and another of the fame form and 
capacily, but blackened without, were as 10000 to 5(5,5 1*. 

Reflecting on the confequences which ought to reiult from If the inrenfeics 
the radiations of bodies, on the fuppofif ion , that the tempera- “c 
lures of bodies are always changiBg by means of thefe radia- the fquarrsof 
(ions, I wasted to (he following conclufion : If the in(cnfit) bodi^rw^ cool 
of the adion of the rays which proceed from a body, be uni- in the fame time 

verlally a$ the I'quares of the diftances of bodies oitTcfarae^tc^ 

5 which 
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which IS cKfremely probable, a hot bodfy expofed to coo! in a 
clofe place, or fbrroimded on all (ides by walls, ought to cool 
with the fame celeriiy, or in the fame time, whatever may be 
the magnitude of this enclofurc, provided the temperature of 
' the (ides or walls be at a condant given temperature ; and the 
'refults .of the experiment here deferibed, in which the hot 
body was enclofed in a velTel of a few inches diameter, com^ 
pared with Ihofc of feveral experiments made Jaft year, in 
Wiich the heate<l bodies expofed to cool between the walls 
of a large chamber, appear to confirm this conclufion. 

' As to the elfed produced by the air in cooling a heated 
body expofed to cool in a clofe place tilled with that fluid, I 
have rcafon to believe that it is much Icfs confiderable than 
has been fuppofed. 

I have flicwn by dire^ and conclufit'c experiments, that 
bodies cool and are heated, and that with confiderable cele- 
rity, when placed in a fpace void of air * ; and, by experi- 
ments made lufi year with the intention of clearing op this 
^point, I found reafons to conclude, that when a hot body 
cools in tranquil air not agitated by winds, one twenty-feventh 
only of the heat loft by this body (or to fpeak more coreclly, 
which it excites in U rrounding bodies) is communicated to 
the air, all the reft bi »'ng carried to a diftance through the 
air, and communicated by radiation to the furrounding folid 
bodies. 

Sect. II. ExperimenU on cooling Bodies. 

, It is only by careful <^fervation ,0f the phenomena which 
accompany, the heating and cooling of bodies, that we can 
hope to acquire exad notions of the nature of heat and its 
manner of a6ting« 

^^any experiments have beep mac^i.by different perfons at 
dj^rent times, ^ with a view to determine what has been 
called the condu6llng ^^iklity of different fubflances with re** 
gard to heat : 1 have tnyfelf made a confiderable nun^er ; 
ar>d His frem often no Jefs^unexp^ed than i‘iw 

tereftiog, llmt i have ^een jjipdoally ted to adopt the opinions 
on the nature of to fubinit to the 

jadgment Of this itliift^Valerttbly. iPhe (teUermg'IJt^ntion 

* ^et my Memoir on Heat in the Philofophicrf Tranfa^lions for 
a|id in. my Bfiay. ' ' '' 

i ' • . witli 
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with which (he Cfafs has honoured (Jie three Memoirs I have 
idtely prefentcjd, encourages me to communicate the oonti- 
noation of my refearches. 

i\II philofophers are agreetl in confidering glafs as one of Olaft is allowed 
the worft condu<51ors of heat which exifis; and when it 
propofed to confine the heat in a body of whicli the tem-tors. • 

perature has been raifed, or to hinder its clifiipation as much 
as pofiible, care is taken to furround the heated body with 
fubfiances known to be bad condu6lors of heat. 

The refults of many of my experiments having led me to fuf- Bodies are not^ 
pc6l that the cooling of bodies is not eflefted in the 
which is generally fiippofcd, I made the following exp.eri-off. 
ment with the intention of clearing up this inlerefting part of 
the fcience. 

I procured two bottles nearly cylindrical, of the fame 
and the fame dimenfidns when meafured externally ; one be- and a thin 
ing of glafs and very thick, and the other of tin or tinned iron, one of tini^ 
which was very (fain, Eatli of them is three inches ten lines 
in diameter very nearly', and five^ inches in height, and each 
has a neck one inch three lines in diametr.r, and one inch two 
lines in height. The glafs bottle weighs 13 ounces 1 gros 
and id grains poids do marc, and the .)lhcr thin metallic vef- 
fel weighs only 5 ounces 1 gros and 6j grains. 

Having very exaclly weighed the lUile of tinned iron, I were prepared, 
found its exterior furfacc to be 54*, 462 inches, which give weighed, 

0,2 11 1*2 of a line for the Ihicknefs of its fides, taking the fpe- 
cific gravity of the metal at 7,8 HH. 

The mean thicknefs of the fides td the glafs bottle is more and mrafurrd. 
than fix times as great, as may be ealily deduced from a calcu- 
lation founded on the weight of the bottle, the quantity of its 
furface, and, the fpecific gravity of glafs. 

Havtng filled tbefe two bottles with boiling w^atcr, I hung They were filled 
them up by flender ib'tngs in the mtdft of the tranquil air of a ' 

large chamber, at the bdfglit of five feet from the floor, and m the air. 
at the difian^ce of four feet afunder. 

The lem;^eratiire (sf the air of the chamber, winch did not 
vary a quarter ot a degree durii^ahe whole time of the expe- 
riment,* wal' d| dtejgil^es of 

An iJx^llent mercfurial thermometer, with a OyKndriral 
bulb, of four inches long apd two lines aifd a half in diameter, 
fufpended in the^axls loif ^hch of tbefe butties, indicated the 

temperature 
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temperature of the contained water; and the time emplojped 
in it? cooting for ^ry five decrees of Fahrenheit'$ thermoT ' 
meter, was carefal^ .obferved during eight hours. 

The glafs being contidered as a very bad condudor of heat, 

' • ' and the fixioit of ibe bottle being fo thick, who would not have 

, espied that the water In this bottle would have been more 

(lowly cooled than that in the very thin bottle of tin. 

The glafs tjotde The contrary however was the event; the bottle of glafs 
q^dk ^ cooled almoft twice as quickly as that of tin. 

tin* While the water included in the bottle of tinned iron em- 

ployed 56 minutes to pafs through a certain interval of cooling, 
namely through ten degrees, between the 50th and 40th de- 
gree of the thermometer of Fahrenheit above the temperature 
. of the air of the chamber, the water in the glafs bottle em- 
ployed opiy 30 minutes, for the fame change. 
lz^eren«e, Ji appears to me, that the reiult of this experiment throws 

great light on the myfterious operation of the communication 
of heat. 

Hestisnot If we admit the hypolhefis that hotl)odies are cooled, not 
nutena^ fub- acquiring (bme material fubiiance, but by the 

Stance. a6llon of colder (urrounding bodies, communicated by undu- 

lations or radiatipns excited in an eliienal fluid, the refuiU of 
this experiment may be eaiily explained ; but if this hypo* 
thefis be not adopted, I cannot explain them. 

Bodies are not It might perhaps be fufpeded that the air attached by a 
fwroundlng air. Certain attraSion, but with unequal forces, to the furfaces trf 
the two bottles, might have been the caufe of this remarkable 
difference in the time of their cooling; but thofe who vi^ill take 
die trouble to reflet alieniively on the refults of ibe experi- 
ments 1 have deferibed in a preceding memoir, wHch were 
made with a view to dear up this with a metaUic: veflel 
and afterwards with one, (bur and iSVe coaU 
ings of yamifh, w^ll be.perfuaded that this caufe is not fuffi* 

< cicni to eapiain 

AttoictaiiScvef- By 8:^burfe:of exparimenU made at Munidi year^ 

wbidh the delaih |pv^ in a Memoir feet to the Royal 
tscooh Society of Leader that a given quantity of 

hot water .included veffe^# a jgtvaii^ forai and 

vCapadl^y,; always CodU the fame qai^efs ia#oairt 

♦ Seyjoor loured, yoL IX. p# X9A. 


whatever 
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tvbaCievor may be Che metal employed to contimd the vefTel f 
provided always that the external furface of the veflel be very 
clean, and the temperature of liie air tlie fame* 

In order that the cooling ftiall be etfb^ed in the fame time, Thefurfice only 
nothing more is required* than that the external furface of the 
vctTel truly metallic, and not covered with oxide or other • 

foreign bodies. 

On llie enquiry, what quality all the metals might have in This arifes from 
common, and potTefs in the fame degree, to which this re- 
markable equality of their iufce[)libilily of cooling might be 
attributed, 1 found it in their opacity. 

The rays which cannrjit penetrate the furface of a body, hy which the 
niuft necetfarily be thrown back or lefiedted ; and as the rays ** 
ot light, which h*.ve much analogy with the invifibic calo- 
rific or trigorific ra}?, cafily penetrate glafs, though they 
are refledlcd, at leafi for the greateft part, by metallic fur- 
faces, 1 fufpe^ted beforeliaiul the rcfult of the experiment 
with the two bottles, one of glafs and the other of tinned 
iron. 

The (fate of a heated body, or a bndy which contains a tTfualcompari- 
rcM'tam quantity of calorie, has been compared to that of a 
fponge which contains a icrtain quantity of water. Sup- tponge. 
poiiug this companion to he juft, we might compare the lots 
of heat by the emidion of the calmilic rays, to the lefs of 
water by evaporation. Let us try if ibis coinpanfon can fup- 
piy us with the means of throwing fome light on the intereffing 
fubjert of our refearclies, * 

In/lead of the fponge filled with water, let us fubftilute The fame oat- 
tlw earth, and fuppofe for a moment that the earth is every P***®**’ 
where equally heated, and its furface in all parts^ covered with 
a bed of Ihe fame kind of foil equally muift. 

As a ((]uare league in a mountaiuous country containtt more if it were true, 
furface or more faparficial acres Iban aTqeare teague fituaidd 
in the plain, it iaevident that more wtUer would be evaporated heat than a 
Irort the whole fur lace of the earth in a given lime if the earth 
were covet^ with mbuntainsy than if its furface were aO itn- 
inenfe plain^ ana cotdequeyilj^ ,tbat n|ore caloric ought tolm 
projefled from (he ftrface of anyffidid body broken with afpti* 
ritds, than from the furface of another body of the fame form 
and dimeniions^ which is imoolh or weirpoiilhed* 


This 
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But the fa^ls Tin’s reafoning appears to me to be juft, and if I am not 
ire coutiary. deceived^ the conolit^ons which may be drawn from the fafts 
in queftion, well conftrmed by experiment^ ought to be confu 
dered as demonftralive. I have taken every poflible care to 
eftablifh thefe faQs; and the rertiUsorall my experiments have 
conftantly ftiewn that mare or iefs perfect polilh, or the greater 
or Iefs brightnef^ of the furlace of a inelaiiic veflTel, does not 
fenfibly influence (be time of its cooling. 

A pollthed and I look two ccjual vefleh of brafs and poliflied (he external 

highly as poflible; and 1 deftroyed 
ia the fanic unit-, the polifli of the othei by rubbing it in all directions with coarfe 
cnx ly. When thefe two veii'els were filled with hot water, I 


did not find that the unpoliflK'd vefl'el cmjfloyccl more or Ids 
lime in < ooling than (hat which was pnll.'hed. 

Cvutiofn. I w>as cardul (<> wafli the furfree of the unpolilhcd veflfd 

eflcvllually with ivaier before the experiment ; as J knew that 
if I did not lake the precaution of removing all the dirt wliich 
might be lodged in tbeafpcriles of ip^lurlace, tlieprefvnee of 
Ihtle fmail f(»reign bodies would the of the ex- 
periment in a fenfible manner. • ® 

A mugh fi.rfice We ought carefully to diflingullh ihofe fiirfiacesWhicb a))pC3r 

ina) .v. unpoliflicd lo OUT cvcs, but which ill lad are nut io, trorn thofe 
much Mj?ht as a * 

Immther. which refted hltle or no light. 

Mcrah not lots It is mo' c than probable that (he furface of a metal is always 
rffl.a.vo for poliflied, and even always egualU fo m all the cales wherein 

■lofin^ tacir po- * / t y 

](ih. the metal isS naked and clear gnd dean, noiwithflanding all the 

mechanical means which may be ufed to (cratch its furlace and 
/ break the glare of its luflre. 

If the radiation Let u.s return to the coitiparifon of the evaporation of water 
on^fuTrtfundin*^ ^*^^**' (urface of the earth, with tlie emifiion of caloric ra- 
hodics, it will dialing from the furface of a heated b^>dy, and let us fuppofe 
*uc°nc^^ Wh" ^ ioftant, (hat the evaporation of tte water from (he fur- 
Sie raiiatlng of the earth does not depend on beat of the eartli 
body be poliflied itfelf, but that it is qaafed merely by (He influentes of fur- 
♦tttot, rounding' bodies, as ftp example, by the rays of light receive^ 
from the fun. It ia (Orient that, in this 'eafe, the evapufation 
could not be feliftbiy; gi^ter io^a mountainous country than iri 
the plain ; and by an ea’^' analogy we that if hot bodies 
be cooled', notinxdnfequcnce of the ennffion of fome material 
fubAance from ll>ejr rar;iace.s, but by the poAtiye afiion of rays 

! fent 
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Jcnt <0 them by colder furroandlng bodies the, more or lefs per-^ 
fed polidi of their furfaces^ ought not fei^bly to influence the 
rapidity of their cooling. 

This is precifcly* what all my experiments concur to prove. 

I have long fought, and wdth that patience which the love ^ 

of the fciences infpires, to reconcile the refults of my e.xperi« , 

ments with the opinions generally received concerning the na- 
ture of heat and its mode of aclion, but without being able to 
fuceeed. 

It is in the hands of two of the moft illuflrious bodies of 
learned men that ever exifled that I have thought it incumbent 
on me to depofit my labours, my difcoveries^ my doubts, and 
my conjeduies. 

1 am earneftly defirous of engaging the philofophers of all 
countries to turn their attention towards an objed of enquiry 
too long negleded. 

The fcience of heat is not only of great curiolity, from the Importance ot‘ 
multitude of aftonifliing phenomena it offers to our con tern pla- 
tion, bu! it is likewil'e extremely interefiing from its*^ intimate 
connedion with all the uleful arts, and generally with all the 
mechanical occupations of human life. 

Without a knowledge of heat it is not poffible either to cx- ^ 

cite it wMlh economy, or to dired its different operations w'illi 
facility and preciiion. 

{'I'/te Remainder in our next,) 


II. 

On pure Jfickel, dijlovered io be one qf f/ic noble jMetais, and on 
its Preparation and Properties. % J. B. Richter.* 

repeatedly cry ftalliztng fulpbate of ammonia and nickel, Cobalt fepantej 
the whole of the ^balt, an extremely Quantity excepted, 
will be feparated; but. after this there flift reipains (bme cop- nicketby 
per mixed j^ith the 1 have alrcuidy announced that tbisj^*^ cryftalii- 
melal may be fep trat^ from the pickel by fubli^ming the latter Copper, by fub- 
with fal ammoniac: but at tjU tirndcl had never obtained ^ 

pure nickel. Wtthibn compound (aU m n!ickdl,,and ammonia 

* ^ranilatcd from the Jeurjtal ie ChHnU of Van Mens, vol. VI. 
p. March, 1805 5 h*nd abridged by Van Mons from the AH^ 
gemma Journal der CbmiSt 1804, vol .III* p. 244. 
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The triple Uh 
decompofed by 
carboiuie 0/ 

( 6 c»ih. 


, Arfenic and iron a Iftfle arfenic (fill remains; and there may be iron Kkewife, 
when \vc have been a finle 400 ipariiij^ in ihe addition of nitric 
acid to the iiilphoric folullon of cobalt containing cakof nickel* 
I endeavoured to feparale thole extraneous luetals in the 
humid way, but not with complete rucoef-j. I decompoled by 
means of carbonate of potafti the triple :iinnu>niacal fait ol 
nickel, free from iron, and as much as po(lil)Ie trom cobalt: 
the precipitj'e ftill was vilibly of a greeniHj blue. Having 
edulcorated it, an<! healed it to rednefs, it changed its colour, 
as it loft its ca.'bonic acid, t-. a blarkiHt gray, which however 
inclined evidently to a green. The water of eduleoration, 
which had a grcenilh ai>pt‘arancv, w'as evapornlod io clryncd’s, 
and the retitluum, abor being heated red hot, was waOied 
again. A green p(n' th r remanicd, which did not Info its co- 
lour in the fire, and coniiliod in great part of aifcriiate ot 
nickel. 

I mixed each of ihe two refiduums feparatf Iv with a fifth 
part of charcoal, and expofed them to the heat of a potter’s 
furnace ibr eightcvai l.ofirs in a cupel with a liltic porcelain 
glaze. The rncu. lie buttons olitained dilVercd a little from 
each other. L.u.h ei.. lured a few blow's vvdij a hair.incT with^ 


TKemetd re- 
duced. 


The rcfult nJt 
pure nickcI. 


Tlie fotution 
precipitated, and 
a^pcifed to a 
ftrong heat 


out cracking: but ihn of the latter rei.fluum was much more 
w hite aUvl iragi/c than that of the lortner, llie colour of which 
approached that of llrel and was flightly reddifh. They were 
bob) atl.'U’kcd v\nii avidity by nitric acid, and they were at- 
traded b, the magnet, but the former only weakly. 

As from levi-'ral f fTecls on porcelain it appearcrl to me pro- 
bable, aliat purr nickel w'as a noble metai, 1 ciili'olved afrefh 
in nitric ac’id the whole (juantity reduced, which amounted to 
icveral ounces, and evaporated thefolution toclrynefs. I then 
poured w'uter on tlie faline mafs, and a beauliful green foluiion 
was formed ; but agrectiifli while rciiduum remained, in which 
I eaiiiy detedud the prcfence of iroh, nickel, and arfcnic 
acid. 

The folulion, w hich befide arfenic, contained aconfideraMe 
portion of co[>per, ,was precipitated by carbonatf of polaOi* 
and the f < Ik uuni, the colour of which was ilill very lively, 
though not fo green as ilmt of carbonate of copper# was weii 
waflied and expofed to a white heat. This changed its apple 
green colour to a deep gceen inclining to gray and brown. 
With a Aronger beat ihe mafs aiTumed 9 grayer browo# aind at 

the 
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the fame llm^appeared to coagulate. There were likewJfe 
ptjrtions of ^uced metal in if, that could not be miHaken. — 

I could not, 'however, accomplith its fufion in a wind-furnace. Very fcfra£|«ry. 
furmounted with a ciipeilating furnace dome, and having a 
Jong chimney. Jn conlequence, I divided it into feveral por- 
tions, vi'hicli J ovpofed in crucibles to the firongoft heat of a 
potter’s furnace, in which capfules of the moft reira61ory clay 
are frequently tofiened. 

J[n ihofe crucibles w'hich were placed where ihc* porcelain rufeain the 
is longeft taking, the matter had experienced no change but a 
coagulation. In the other crucibles it had entered inio com- nace. 
plete fution, yet not into a liquid tulion, and (he crucibles had 
partly cxperionced the fame etfecl. Hue and tlieic in the 
melted mafs metallic globules were found, (he largefl of which 
were tlie fize’ of a I'mall nut, and the lead that ot a cherry- 
done. 7'heir brilliancy was a mean between that ot lilver and 
that of Englitli tin. The fcorix were grcenith brown, miKeil Scan*, 
with an amelhyfl colour, and in fome places a deep blue en- 
tirely like fufed ox'deof cobalt. The brow n colour arofe from 
the oxide of copper, which was completely vilrihed, and the 
blue from that of cobalt. 7'he greeiti on the contiary, pro. Arfcnltte of 
ceeded from arfetiiate of nickel, which, as J have learned by 
experience, tirongly rdiits fution, witliout the addition of 
forae combuftible {ubfiance. 


I attempted to i^haniincr the metallic globules on an anvil, The metal mat- 
and to my great fatisfadion 1 found that they pollcllccl ( ontidcr- 
able malleability.' They were eagerly atlradcd by the mag- 


net. 


As it was impotfible to hqiarate the fcorie with t!>e hammer Rc^fufion. 
from the little globules to which they adhered, 1 collided 
them together by trituration and decantation, and expofed I hem 
to fufion afreff^ It was again complete only in places of 
the furnace moft healedi ' , « 

Convinced from therdrefults, that nickel is rednbible in the Reduced with- 
fire without the addili|n of any combuftible matter, I at- 
tempted to teduce fqfei^ oxide of this mcral, obtained by the 
decompofition ot the.trfple ammoniacal fait of nickel, which 
daring an.uninthri^upted laboj||^' .eighteen months, T had pro- 
cured. in a very large quautitwHOn this occaiion t|iO lame phe- 
nomena occurred as ii) the pnWing reductions. /' 

1 repeeU.ed the melting tiUl^BT^al had unde;gQoe,a,com- A button an 
plelCf. fulpiQny . and was foarid i?«^^ed together in a button at 
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the bottom of the crucible. In one crucible which had been 
expofed to the Ilrongefl heat, 1 obtained a button that weighed 
an ounce and a half. 

I was lefs fuccefsful in my fufion when I mixed the oxide of 
nickel with porcelain g!aze> or when 1 finiply covered it with 
tins glaze; fo (hat I was convinced the belt procefs was to re- 
duce the oxide of nickel direflly. 

After much time and patience, I fucceeded in obtaining fe- 
vcral ounces of nickel^ which I muft conlider as abfolutejy 
pure, and I (hall now proceed to deferibe the principal cha- 
raders that 1 have perceived in it this flate,— To begin 
with tiie external charaders. 

The colour of pure nickel is a mean between filver and tin. 
*It undergoes no alteration either from the air of the atmof* 
phere or from the water in it ; in other words it is infulccplible 
of being oxided by the air. 

It is perlcdly malleable; as it may not only be forged into 
bars when red hot, but hammered on the anvil while cold into 
very thin plates. This charader removes nickel from the clafji 
of femi-rnetals to that of perfed metals. ' 

Its denfity or fpecific gravity is pretty confiderable: from 
repealed experiments with my hidroineler cafi: nickel weighs 
8.279, and forged nickel 8,666. 

Its tenacity likewife appears confiderable, to judge from its 
great dudility. A piece of call nickel, weighing live drams 
allow*ed itfeif to be fiattened, but not without cracking, into 
a plate of 13 fquare inches Rhynland meafare, which gives 
lefs ttian of an inch for its tbicknefs. It might probably 
be drawn into a wire of the fame tenuity. 

The relillancc of nickel to fufion is very confiderable, and 
equals, if it do not furpafs, that of maiiganete. The reader 
may have obferved, from my attempts to fufe it, how difficult 
it is to obtain any thing dectiive on this head. 

At a temperatur|e fufficiently high the pure^ oxide of nickel 
is reducible without the addition of any combufiible matteiu 
Its great* refi(la^nce to fufion is the only caufe why this reduc- 
tion prefents fo many difficulties^ Very little oxidation too is 
perceptible on keeping this metal in a Aate of tncntodefcence: 
it is' merely tarniihed a ttUfe more than plklihaf gol^- (^filver. 
Nickel therefore belongs not /to the daf^' of period 
merely,^ to that of noble j:^^tals. 

* The itdton of the magnet ^nkdtel is not only vory .eon&« 

derablo 
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derable, and little iiiferfor to .that on iron; but nickel become* 
f it/clf mjgnetical, or acf]uire« polarity, by (he touch, and even 
in part by (irikin^ it with a hammer, or tiling it, with the pre- 
cautions i'uitable tor producing this cfFe^. I difcovered the 
latter property by prefenting to the magnet a flip of forged 
nickel; when, nntwilhflandiog it w^as polifljfd by the file, it 
adhered more feebly lo the magnet than other flips lefs poliflied; 
bat on my prefenting its other extremity to the magnet, it ad- 
hered to it with great force. It likewife attracted by cither 
fide not only iron needl^ but plates of nickel half an inch 
iquare, which it caufecyb move about on a fmooth table. 

The property which nickel pofTetres of becoming magnetic mtgnft'.c 
js not deftioyed, though weakened by it« alloy with copper; rtu eo^p^r, 
but arfenic deflroys it completely. 1 had (requcnl opportuni- hy 

ties of making this obfervation in the courfe of my experiments. 

Some nickel, from nliich I had feparaled the irOn* and the mallc-^ble in pro- 
arfenic m the humid wav, and vvhich 1 had alierwarcls reduced 

punly* 

with the addition of a combuflible. fubftance, was malleable, 
and atlrafted the magnet, though not fbibreihly as pure nickel. 

I'lie (amc metal, purified with Icf* care, was Ids malleable, 
and piopoilioiially lefs attradable by the magnet. Repeated 
expofure of the nictal to the mofl powerful lieat of a porce- 
lain furnace did not iit the leaft reftore to it this property. — 

Some experiments, which 1 fliail hereafter relate, have con- Copptr muft lie, 

vinced me, that cupper cannot be entirely feparated frhm 

nickel in the humid way, and t^at the only means of feparat- 

itig them is to reduce the cupreous oxide of nickel by fire. * • 

The. fulphuric and muriatic acids have little adlion upon Aflion of tkr 
nickel. The <oxide of this metal by the air does not diflblve 
even in the latter of ihcfe acids without the afTifiance of a 
llroog ebuflition. The^moll appropriate folvents of nickel are 
the nitric and nitro-muriafic acids. I have already mentioned, 
that impure nickel,' particularly the cupreous, is attacked by 
the nitric acid with heat and vivacity. Thea^ioxi of the fame 
acid on pure nickel is a liltlq difierent, and particularly on the 

* The reparation the iron fucceeds belt by a rapid evaporation Be ft mode of 
of the nitric folution of the ferruginous nickel, by which the iron 
is precipitat^ iu'the form of a^infbluble oxide. At the fame time 
a little arlenic is Separated in union with the iron, it is preferable, 
boWevtr, to feparate the arfenic firft, which is elFedted by the help 
of a nitric folution of lead* Ttie lead is afterward to be precipi* 
taUdby a (blution of fulphate'df potaib. 

hanunered 



V 


on. ‘rmttmdMt.. • 

iiammcred metal 1 have poared miric acid oti nickel both irt 
buttons and lainhialeid« eatpeding 'a very a£iive folutioa but 
It has proceeded S^^iy^ and 1 have even been obliged to have 
rerotirfe to thehetit of a fpirlt lamp to accelerate it. Tbedif- 
folution however having appeared to ceafe, I decanted the 
Iit|uid and poured on the redduum a frefh quantity of acid of 
the fameftrength as the preceding* when on a fadden fuch a 
britk adidn came on^ accompanied with the evolution of heat 
that I could not remove the capfule to the fire*place quickly 
enough* 

I Qiall now go on to confi Jer fome of the characters of pure 
nickel in the tlatcof oxidation* 

Charaftcrs of The nitric folution of pure nickel has a beautiful grafs-green 
o*.jae of nicksl. Carbonate of potafli I’eparates from it a pale apple 

Pircipitjtc v^rjr green precipitate. This precipitate well wathed and dried 
light. Ig ^ thoufand parts of metallic nickel reduced to 

this precipitate weigh 2,927 parts. 

If this precipitate be exppfed to a while heat it becomes of 
a biackitli gray* fcarcely inclining to green* and weighing 
only 1 ,2Sd« On conlioubtg the fire* the mafs approaches the 
metallic ftate more and more, and becomes magnetic* This is 
Oil promotes effected much more fpeedily if liie oxide be moiflened with a 

it. rcdu6i:«n. 

frecipitjte by On adding caufiic ammonia in excefs to a nitric folution of 
ammonw* jiickel, a precipitate is formed, refembling in colour ammoni* 
ure of cupper* but not ib ^eep. This colour fometimes 
changes in a couple of hours to an atnethyil red* and to a vl« 
olel, which colours are converted into an apple-green on the 
addition of an acid* and again to » blue and violet on the ad- 
dition of ammonia. If however we add to the l^ution of 
, nickel a folution of copper^ fo to ^j^oduce no, perceptible 
change* the Colour of the precipitate formed by ammonia 
ceafes to aflame a red tinge# and the red eoJoor .of the ammo- 
niure of nickel .d^ppears on the additic^^if a little ammoni- 
ure of. capper j whence it follows* that" every precipitate ^ 
nickel by ainmoniai which retains its JUtae cedomr# has copper 
combined with it* , . 

It* hping a noble ^ ; Prom this k iv^kSfeult to bclfevc thit nickel# ieiito favour^ 
mtita) qaeftion- able circumflaiices* would not become oaidt^ tgr'^e confined in* 

***• Van Motif* 
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On the Analyfii of Soils, as conneBed with their Improvements 
By Humphket Davy, Efq* F. F. S. Profejfor ofChemiJliy 
to the Board of Agriculture and to the Royal [nJlitulioHs 

I. Utility of Invefiigation relating to the Analyfts of Soils, 

TThE methods of improving lands are immediately connected 
with the knowledge of the chemical nature of foils, and ex- 
periments on their compodtion appear capable of many ufefui 
applications. 

The importance of this fubjeft has been already felt by fome Analyfi* of 
very able cultivators of fcience ; many ufefui fa6ls and obfer- 
vations with regard to it have been furnifhed by Mr. Young; Young, Lord 
it has been examined by Lord Dundonald, in his treatife on 
the connexion of Chcniiflry with AgriculturCf and by Mr. 

Kirwan in his excellent effay on Manures: but the enquiry is 
jflili far from being exhauded, and new methods of elucidating 
it are almud continually offered, in confequence of tlic rapid 
progrefs of chemical difcovery. 

In the following pages I (hall have the honour of laying 
before the Board, an account of thofe methods of analjfing 
foils which appear mod precife and (imple, and mod likely to 
to be uferii! to the practical farmer; they are founded partly 
upon the labours of the gentlemen, whofe names have been 
juft mentioned, and partly upon fome later improvements. 

IL Of the Siibftnnccs found in Soils. 

The fubftances which are found in foilsf are certain mixtures Soils contain 
or combinations of fome of the primitive earths, animal and 
vegetable matter in a decompoftng ftate, certairt faline com- remains, faline 
pounds, and the oxide of iron. Thefe bodies always 
water, and exift in very different proportions in different lands ; 
and the end of analytical experiments is the detedion of their 
qaantities and^'mode of union. 

The eartfis found in common foils are principally lilex or 
the earth of ftintSf alumine or the pure matter of clay, lime, 
or calcareous earth, and magnefia. 

Silex, or the earth -of dints, when perfedly pure, appears in Sile*. 
the form of a white powder, which is incombudtble, rnfufible, 

Vot, XIL — OcTOBfiR, 1805 , G inloluble 
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jtii'ylublo in water, andnota6lcd upon by common acids; It Is the 
tiibfrance which conflitutes the principal part of rock chryftal ; 
It compofes a confiderable part of hard gravelly foils, of hard 
Tandy foils, and of hard tlony lands. 

Alumine, or pure clay, in its perfeft dale is white like filex ; 
it adheres (Irongly (o the tongue, is incombuniblc, infoluble in 
water, but foiuble in acids, and in fixed alkaline nienfiiua* 
It abounds mofl in clayey foils and clayey loams; but even in 
the fmalled particles of thefe foils it is ufually united to hlex 
and oxide of iron. 

Lime is the fubftance vi*ell known in its pure ftate under tlie 
name of quicklime. It always exifls in foils in combination,, 
and that principally with fixed air or carbonic acid, when it is 
called carbonate of lime; a fubftance which in the moft com- 
pact form conftitulcs marble, and in its looler form chalk. 
Lime, when combined with fulphuric acid (oil of vitriol), pro- 
duces fulphatc of lime (gypfum), and with phofphoric acid, 
phofphate of lime. The carbonate of lime, mixed with other 
fubfiances compofes chalky foils and marles, and it is found 
in foft Tandy foils. 

AJdgiicft^, when pure, appears as white, and in a lighter 
powder, than any of the other earths; it is foiuble in at id, 
but not in alkaline menfirua; it is rarely found in foils; wlicn 
It does cxifi, it is either in combination with carbonic acid, 
or w'ith filex and alumine. 

Animal decompojing matter exifis in very different fiates, ac- 
cording as the iubftances from which it is produced are differ- 
ent ; it contains much carbonaceous fubftance, and may be 
principally rcfolved by heat into tliis fubftance, volatile alkali, 
inflammable aeriform prod\i6ts, and carbonic acid ; it is prin- 
cipally found in lands that have been lately manured. 

Vegeiahk decompnfing mutter is Iikev\ire very various in kind, 

" it contains ufually more carbonaceous fubffance than animal 
matter, and differs from it in the refults of its decompofition 
principally in not producing volatile ^ alkali; it forms a great 
proportion of all peats ;\t abounds in rich mould, and is found 
in larger or finaller quantities in all lands. 

The falim compounds found in foils are very few, and in 
'quantities fo fmall, that they are rarely to be difeovered. 
They are principally muriate of foda (qomraon fait), fulpbate 
of inagni'iia (Epfom fall), and muriate andfuJphate of polaffi, 
nitrate of lime, and the mild alkalies* 

- • The 
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oxide of iron is the fame with the ruft produced by Oxide of iron, 
expofing iron to the air and water ; it is found in ail foils, but 
is mod abundant in yellow and red clays, and in yellow and 
red llliceous fands. 

A more minute account of thefe different fubdances would 
be incompatible with the objedl of this paper. A full de- 
feription of their properties and agencies may be found in the 
elementary books on chemidry, and particularly in the Sydem of 
Chemidry by Dr. Thomfon (2d Ed.) ; and in Henry’s Epitome 
of Chemidry, 

III. Injiruments required for the Analyjts of Soils, 

The really important indruments required for the analyfis inftruments for 
of foils are few, and but little expenfive. They are a balance 
cppable of containing a quarter of a pound of common foil, fjeve,* lamp, 
and capable of turning wlien loaded, with a grain : a feries cru- 

i i, c . c j * * • cioles, batons, 

or weigtits from a quarter ot a pound Troy to a grain; a wire p, nurtar, 
dove, fulTiciently coarfe to admit a pepper corn through \U fisteis, kmfe, 
apertures; an Argand lamp and (land; fome glafs bottles ; 

Hedian crucibles ; porcelain, or queen’s ware evaporating 
bafons; 3 Wedgowood peftlc and mortar; fome fillers made 
of half a fiioct of blotting paper, folded fo as to contain a 
pint of liquid^ and greafed at the edges; a bone knile, and 
an apparatus for col!e6ting and meafuring aeriform fluids. 

The chemical fubdances or reagents rec^uired for feparating 
the conftiluent parts of the foil, are muriatic acid {fpirit ot and fuTp. 
fall), fulphuric acid, pure volatile alkali diffolved in water, 
folution ol pruffiate of potafli, foap lye, folution of carbonate lye, ta»b. amm. 
of ammoniac, of muriate of ammonia, folution of neutral car- 
bonate of potaQi, and nitrate of ammoniac. An account ofnio. amm. 
the nature of thefe bodies, and their effects, may be found 
in the chemical works already noticed ; and the reagents are 
fold together with the indruments mentioned above, by Mr. 

Knight, Foder Lane, Cheapfide, arranged in an appropriate 
ched. 

IV. Mode of collecting' Soils for Analjifis, 

In cafes when the general nature of the- foil pf a Held is to How famples of 
be afeertained, fpecimens of it diould be taken from drfferent ^ 

places, two or three inches below the furface, and examined 
as to the dmilarity of their properties, ’ It fometimes happens, 
that upon plains the whole of the upper dratum of the land is 
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of the fame kind, and in this cafe, one anal)' (is will be fuffi- 
cient; but in vallies, and neAr the beds of rivers, there are 
very great differences, and it now and then occurs that one 
part of a field is calcareous, and another part filiceous ; and 
in this cafe> and in analogous cafes, the portions different 
from each other (hould be feparately fubmitted to experiment, 
an J preferved if Soils when colledled, if they cannot be immediately ex* 

needful. amined, ftiould be preferved in phials quite filled with them, 
and clofed with ground glafs (loppers. 

The quantity of foil moft convenient for a perfedt analyfis, 
is from two or four hundred grains. It (houtd be colledled in 
dry weather, and expofed to the atmofphere till it becomes dry 
to the touch. 

The fpecific Tlie fpecific gravity of a foil, or the relation of its weight 
gravity of water, may be al'certained by introducing into a 

phial, which will contain a known quantity of water, equal 
volumes of water and of foil, and this may be eafily done by 
pniiring.in water till it is half full, and then adding the foil 
till the fluid rifes to the mouth ; the difference between the 
weight of the foil and that of the water, will give the refult. 
Thus if the bottle contains four hundred grains of water, and 
gains two hundred grains when half filled with water and half 
with foil, the fpecific gravity of the (oil will be 2, that is, it 
will be twice as heavy as water, and if it gained one hundred 
and fixty.fivc grains, its Ipecific gravity would be 1825, water 
being 1000. 

. or (mportance It is ot importance, that the fpecific gravity of a foil fhould 
fo be ttnown. known, as it affords an indication of the quantity of animal 
and vegetable matter it contains; Ihefe fubffances being always 
moff abundant in the lighter foils. 

Other phyfical The other phylical properties of foils fijould likewife be ex- 
. Tupertx.,, arnined before the analyfis is made, as they denote, to a cer- 
tain extent, their compofftion, and ferve as guides in direfling 
the experiments. Thus filiceous foils are generally rough to 
the touch, and fcratch glafs when rubbed upon it; aluminous 
toils adhere ffrongly to the longue, and emit a firong earthy 
Imell when breathed on; and calcareous foils are foft, and 
much lefs adhefive than aluminous foils. 
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V. Jl/orfer qf afcertaining the Quantity of IVattr of Ahfarption 
in Soils, 

SoilSf though as dry as they can be made by conttiiued ex- Evaporsfion of 
pofure to air, in all cafes ftill contain a confiderable quantity 
of water, which adheres with great obftinacy to the earths and Us quantity in 
anltnal and vegetable matter, and can only be driven off from 
them by a confiderable degree of heat. The firff procefs of 
analyfis is, to free the given weight of foil from as much of 
this water as potfibie, without in other refpedls, affecting its 
compofition; and this may be done by heating it for ten or 
twelve minutes over an Argand^s lamp, in a bafon of porce* 
lain, to a temperature equal to 300 * Fahrenheit ; and in rale 
a thermometer is not ufed, the proper degree may be ealily 
afeertained, by keeping a piece of wood in contad with the 
bottom of the di(h ; as long as the colour of the wood remains 
unaltered, the heat is not too high ; but when the wood begins 
lobe charred, the procefs mufi be iloppcd, A fmall quantity 
of water will perhaps remain in the foil even after this opera- 
tion, but it always affords ufeful comparative rcfults ; and if a 
higher temperature were employed, the vegetable or animal 
matter would undergo decompofition, and in confei|uence the 
experiment be wholly unfalisfaftory. 

The lofs of weight in the proepfs fiiould be carefully noted, One eighth is 
and when in four hundred grains of foil it reaches as high as extreme pro- 
50, the foil may be conftdcred as in the greatefi degree ^bfor- 
jbent, and retentive pf water, and will generally be found to 
contain a large proportion of ^luminous earth. When the lofs 
IS only from 20 to 10, the land pay be cohfidered as only 
fiightly abfQrbent and retentive, and the fiiicious earth as nnjti 
abiindanL 

VI, Of ihti Separation qf Ston^s^ Gfavel, and •vegetable Fibres 
from Smb. 

None of the loofe ffones, gravel, or large vegetable fibres stones, &c. to 
fliquld be divided from the pure foil till after the water i$ drawn ?he dn fng!* 
off; for thefe bodies arc themfelves often highly abforbent and ajc, * 

retentive, pnd inconfequence infiaenoe^the fertility of the land, 

* In fever^l experiments, in which this procefs has been carried 
on by diftillation, I have found the water that came over pure, and 
no fenfible quantity of other volatile matter was produced. 

Tha 
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The next procefs, however^ after that of heailngi (houlJ be 
their reparation, which mAy be eafily accompliflied by the 
fieve, after the foil has been gently bruifed in a mortar. The 
weights of the vegetable fibres or wood, and of the gravel 
and fiones (bould be fc-parately noted down, and the nature 
of the laft afeertained j if calcareous, tliey will effervefee with 
acids ; if filiceou», they will be fufficiently hard to fcratch 
glafi ; and if of the common aluminous clafs ot fiones, they 
wdll be folt, eafily fcratchcd with a knife, and incapable of 
elfervefcing wiih acids. 

VII. Separution of the Sand and Cla^, or Loam, from each 
other. 

Sand, clay, and The greater number of foils, befides gravel and ftones, con- 
^om ^^aTh^thcr lat^gcr or fmaller proportions of faiiii of difFc'rent degrees 
by cmiiution. of finenefs ; and it is a neceflary operation, the next in the 
procefs of analjfis, to detach them from liie parts in a ftate 
of more minute divifion, fuch as clay, loam, marie, and ve- 
getable and animal matter* This may be effecled in a way 
fulhdently accurate, by agitation of the foil in water. In this 
cafe, the coal (e fand will generally feparale in a minute, and 
the filler in two or three minutes, whilft (lie minutely divided 
earthy, animal, or vegetable matter will remain in a fiatc of 
xiiecbanical lulpenfion for a much longer lime ; fo that by 
pouring the water from the bottom of the veffel, after one, 
two, or three minutes, ihe fand will be principally feparated 
from the other fubliances, which, with the water containing 
them, muft be poured info a filter, and after the w'aler has 
pafTed through, coI!e€led, dried and weighed. The fand mull 
likewife be weighed, an^ their refpeflive quantities noted 
down. The vvaler of lixiviation muft be preferved, as it 
will be found to contain the faline matter, and the foluble 
animal or vegetable matters, if any exifi in the foil. 

VIJL Examination of the Sand, 

The fand fepa- By the procefs of wafhtng and filtration, the foil is feparated 
portions, the mod important of which is generally the 
rcous. finely divided matter, A minute analyfis of the fand is feldotn 

or never necellary, and its natuie may be detected m the fame 
manner as, that of the Hones or gravel. It is always either 
filicious fand, or calcareous fand, or a mixture of both. If it 
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confiAs wholly of carbonate of lime, it will be rapidly foluble 
in muriatic acid, with efTervefcence; but if it contift partly of 
this lubflance, and partly of filiceous matter, the refpedlive 
<juanlities may be afcerlained by weighing the reliduunl after 
the action of the acid, which inuft be applied til! the tnixtore 
has acquired a four lafte, and has ceafed to efFervefee. This 
rcfiduum is the filicious part : it mufl be waflicd, dried, and 
heated ftrongly in a crucible; the difference between the weight 
of it and the weight of the whole, indicates the proportion of 
calcareous fand. 

IX. Examination of the finely divided Matter of Soils, and Mode 
of detecting mild Lime and Magnefia, 

The finely divided matter of the foil isufually very coirpoundThe finHy dl- 
Jn its nature; itfometimes contains ail the four primitive earths 
of hiils, as well as animal and vegetable malter ; and to afccr- 
tain the proportions of tliefe with tolerable accuracy, is the rnoft 
difficult pari of the fubjecl. 

The fiifl procefs to be performed, in this part of the anal) fis^Muil\tIc acid 
is the expofure of the fine matter of the foil to the action of fhe 
muriatic acid, Tliis fubfiance ffiould be poured upon the earth) uun, 
matter in an evaporating bafon, in a quantity equal to twice 
the weight of the earthy malter; but diluted with double its 
volume of water. The mixture ffiould be often ftirred, and 
iulfered to remain for an hour or an hour and a half before it is 
examined. 

If any caibonale of lime or of magnefia cxiff in the foil, 
they will have b<?en diffiolved in this time by the acid, whieh 
fometimos takes up likcwife a little oxide of iron; hut very 
feldora any alumine. 

The fluid fhould be pafled through a filter ; the folid matter Prreip. ofii -n 
collected, waflied with rain water, dried at a model ale heat, 

■ ' ' I* * « • J^rUlT* SAllLftil ^ 

and weighed. Its lofs will denote the quantity of fohd matter 
taken up. The waihings muff be added to the foiution, which 
if not four to the tafte, muff be made fo by the addition of frefti ‘ 
acid, when a little foiution of common prufliate of potafti muff 
b.e mixed with thf whole. If a blue precijiilale on urs, it de- 
notes the pr^ence of oxide of iron, and ijie foiution of the 
pruffiale muff be dropped in till no farther effeft is produced. 

To afeertain its quantity, it muff be collefted in the fame 
manner as other folid precipitates, and heated red; the refult 
h oxide of iron. 

Into 
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snd eirtH, %y Into fhe fluid freed from oxide of iron, a folation of nea« 
tralized carbonate of potaih mufl be poured till all effervcfcenco 
ceafes in it^ and till its tofle and fmelt indicate a coniiderablc 
excefs of alkaline fait. 

The precipitate that falls down is carbonate of lime; it 
iDufi be collected on the filter^ and dried at a heat below that 
of rednefs. 

The remaining fluid muft be boiled for a quarter of an hour^ 
when the magnefla. if any extf)« will be precipitated from 
it^ combined with carbonic acid, and its quantity is to be 
afeertained in the fame manner as that of the carbonate of 
lime. 

Alumjne if Jf any minute proportion of alumine fliould, from peculiar 
taken up. circumftances, be diifolved by the acid, it will be found in 
the precipitate with the carbonate of lime» and it may be 
feparated from it by boiling for a few minutes with foap lyc, 
fufficienl to cover the folid matter. This fubflance diH'oIves 
alumine, without acting upon carbonate of lime. 

Carhnnate of Should the finely divided foil be fufficieiWly calcareous to 
way bV”ftStJd ftrongly with acids, a very limpic method may 

by the quantity be adopted for afeertaining the quantity of carbonate of lime, 
of carbowic ac.d. fufficn^ntly accurate in all common cafes. 

Carbonate of lime, in ail its dates, contains a determinate 
proportion of carbonic acid, i, e, about 43 per cent, fo that 
when the quantity of this eladic duid, given out by any foil 
during the fulution of its calcareous matter in an acid is known, 
either in weight or roeafure, the quantity of carbonate of lime 
may be eafily difeovered. 

When the procefs by diminution of weight is employed, two 
parts of the acid and one part of the matter of the foil mud 
be weighed in two feparate bottles, and very (lowly mixed 
together (ill the edervelcence ceafes ; the difference between 
their iveight before and after the experiment, denotes the 
quantity of carbonic acid lod ; for every four |;rains and a half 
of which, ten grains of carbonate of lime rnd^ftr.be edimated. 

The bed method of oolleAing the carbonic acid, fo as to 
difeover its volume, is by the pneumatic apparatus, the con* 
druAion and application of which is deferibed at U)e end of 
this paper. The edimation is, for every ounce meafure of 
carbonic acid, two grains of carbonate of lime* 


X, Modi 



4VALYSr$ OF SOILS* 


S9 


(if afcertaining the Quantity qf infoluhle Jinelt/ divided 
Animal and Vegetable Matter^ 

After the fine mailer of the foil has been afted upon by Ignition in ao 
muriatic acid, the. next procefs is to afeertain the quantity ^>f vege- 
finely divided infoluhle animal and vegetable matter that it table and aaiqid 
contains. matters. » 

This may be done with fufiicient precifion. by heating it to 
Arong ignition in a crucible over a common fire till no black* 
nefs remains in the mafs. It fhould be often flirrcd with a 
metallic wire^ fo as to expofe new furfaces continually to the 
air; the lofs of weight that it undergoes denotes the quantity 
of the fubtiance that it contains dcftru£libie by fire and air. 

Jt is not potfible to afeertain whether this fubfiance is wholly 

animal or vegetable matter^ or a mixture of both. When the 

fmell emitted during the incineration is fiinilar to that of burnt Thc fmell Aswt 
® . . .. . , whether It be 

leathers, it is a certain indtcatioti ot tome animal matter ; animal or vege* 

and a copious blue flame at the time of ignition, almofl always table, 
denotes a confiderable proportion of vegetable matter. In 
cafes when the experiment is needed to be very quickly per- 
formed, the defiru6lion of the decompofible fubilances may 
be alfified by the agency of nitrate of ammoniac, which at the 
time ol ignition may be thrown gradually upon the heated 
mafs in the quantity of twenty giains for every hundred of ^ 
reiriuai foil. It affords the principle neceffary to the combuf* 
tion of tiic animal and vegetable matter^ which it caufes to be 
converted into elaflic fluids;, and it isilfelf at tlie fame time 
^ecompofed and lofi« 

Afodc of Jiparaiing ahminoui andjtUcious Mattae 
and Qxide of Iron^ 

The fubilances remaining after the decompofition of the '®^**“*^ 

. 1 I 1 . • ^ 1. . .1 alumioe 

vegetable and animal malteri are generally minute particles and oxide of 
qf earthy matter, containing ufually alumine and filex with feptfstedl 
combined oxide of iron. 

To feparate there’frcm each others Jhc folid matter (hould 
be boiled for two or three hoars with fiilphuric acid,'diluted 
with four limes its weight of water; the quantity of the 
acid ((lould regulated by the quantity of folid refiduum I^l***** fulphurlc 
to be aiSed on, allowing for every hundred grains two drachms 
qr one hundred and twenty grains of acid. 


The 
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Carbonate of 
ammonia throws 
down the ala- 
ifiinc* 


More surcuiatc 
proeeis* 


Matters fotuble 
m water* 


The fubnance remaining after the adlion of the acid, may 
beconfulcied as filidous; and it rauft be feparated and its 
weiglit al’cerlained, after walhing and drying in Ihe ufual 
manner. 

The aiumine and the oxide of iron, if they exift, are both 
diflblved by the fulpimric acid; they may be feparated by 
carbonate of ammoniac, added to excefs ; it throws down the 
aiumine, and leaves the oxide of iron in folution, and this 
fubdance may be feparated from the liquid by boiling. 

Should any magnefia and lime have efcaped folution in llic 
muriatic acid, they will be found in the lul])huric acid ; this, 
however, is fcarcely ever the calc; but the proccls lor 
deteding them and afeertaining their quantities^ is the fame 
in both in dances* 

The method of anahds by fulphuric acid, is fulncicnlly 
precife lor all ufual experiments ; but i( very great accuracy, 
be an objed, dry caibonale of poiath mud be employed as 
the agent, and tiie redduum of the incineration imiit be heated 
red for half an hour, with four times its weight of this fwb- 
ftance, in a crucible of lilver, or ol well baked porcelain. 
The mals (/jlained mud be diiToivcd in muiialic acid, and Ihe 
folution evap' lated till it is ncarlv folid ; difnllecl water mud 
then be added, by which the oxide ot iron anil all the earths, 
except dlex, will be diflblved in mnibinalion as muriates. 
Tiie filex, after the ufual procels of lixivia*tion, mud be heated 
red ; the other (ubdances may be feparated in the fame 
manner as from the muriatic and fulphuric folutions. 

This piocef^ is the one ulually employed by chemical phi- 
lofoplicrs for the aiialylis of doiics* 

XII. A/ode rf dl/vovcring foluhh Anhnal and Vegetable 
Matter, md Saline Matici\ 

If any faline matter, or foluble vegetable or animal matter, 
is fufpedled in the Toil, it will be found in the water of lixivia- 
lien u led for feparating the fund. 

"I Ids water mud be evaporated to dryilcfs in an appropriate 
didi, at a heat below its boifing point. 

If the fohd' matter obtained is of a brow'ii colour and indam- 
mablc, it may be coufidered as partly vegetable cxira6l. If 
its fmeil, ' when expefed to heat, be drbng and fetid, it 
contains animal mucilaginous or gelallijious fubdance ; if it be 

white 
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while and (ranfparent^ it may be confidered as principally 
faline matter. Nitrate of potath (nitre) or nitrate ot lime, 
is indicated in tliis faline matter, by its fcinlillaling with a 
burning coal. Sulphate of magnelia may be detected by its 
bitter tafle; and 1‘ulphate of potafli produces no alteration in 
folulion of carbonate of ammoniac, but precipitates folution 
of muriate of barytes. 

XIII. Mode of detcBing Sulphate of Lime (C^pfum) and 
rhofphuie of Lime in Soils» 

Should fulphate of phofphate of lime be rurpe6led in the Sulphate of 
entire toil, the detection of them requires a particular procefs 
upon it. A given weight of it, for inftance four hundred 
grains, mull be heated red for half an hour in a crucible, 
mixed with one-third of powdered charcoal. The mixture 
muti be boiled for a quarter of an hour, in ‘a half pint of 
water, and the fiuid colle6tt*cl through the filter, and expofed 
for fome days (o the atniofphere in an open vcffel. If any 
folubic quantity of fulphate of lime (gypfum) cxifted in the 
foil, a wliite precipitate will gradually form in (he /laid, and 
the weight or it will indicate the proportion. 

Phofphate of lime, if any exift, may be feparntod from the Phofphate of 
foil after the protefs (or gypruni. Muriatic acid mull 
digefted upon the foil, in quantity more than fuflicient to 
(aturate the foluble eaiths ; the folulion mufl be evaporated, 
and water poured upon the folid matter. This fluid will dif- 
folve the compounds of earths with the muriatic acid, and 
leave the phofphate of lime untouched. 

It w'ould not full within the limits affigned to this paper, to 
detail any proceflTes for the detedlion of fubHanccs which may 
be accidentally mixed with the matters of foils. Manganefe 
is now and then found in them, ,and compounds of the barytic 
earth ; but ihefe bodies appear to bear little relation to fertility 
or barrennefs, and thefearchfor them w'ouldmake the analyfls 

much more complicated without rendering it more ufeful, 

* 

XIV , Statement of Re/ults and ProduSism 

When the examination of a foil is cotnpleated. the products Produfts ftated« 
fliould be clatfed, and their quantities ^dded together, and if 
they nearly equal the original quantity of foil, the analyfls 
may be confidered as accurate. It mull, however, be noticed, 

3* tliat 
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that when pliofphate or fulphate of lime are difcovered by tlie 
independent procefs XIII. a correction muft be made for the 
general procefs, by fubtraCting a fum equal to their weight 
jfrom the quantity of carbonate of lime, obtained by precipi- 
tation from the muriatic acid. 

In arranging the products, the form (hould be in the order 
of the experiments by whicb they were obtained. 

Thus 400 grains of a good iilicious Tandy foil may be fup- 
pofed to contain 

Grains* 

Of water of abforpiion - * - *18 

Of loofe ftones and gravel principally filicious - 42 

Of undccompounded vegetable fibres • - 10 

Of fine filicloiis fand ^ , 20Q 

Of minutely divided matter feparated by filtration 
and confining of 

Carbonate of lime * » • 2.i 

Carbonate of magnefia • • - 4 

Matter dtTtruCiible by heat, principally ve- 
getable • * • • 10 

Silex • • • • • 40 

Aluminc - - - - 32 

Oxide of iron - - ^ • 4 

Soluble matter, principally fulphate of pot- 
aOi and vegetable extraCl • « 5 

G}pfum - • - m $ 

rbofphate of lime ^ • 2 

125 

Amount of all the produCls 396 
Lofs ^ - - 5 

In (his infiance the lofs is fuppofed fmall ; but in general, in 
actual experiments, it will be found much greater, in cpjii- 
fequence of the' difficulty of collecting the whole quantities of 
the diffi?rent precipitates; and when it is within thirty tor 
four hundred grains, there is no rcafon to fufpeCt any want of 
clue precifion in the procefles. 

XV. Tluji general Method qf Anaiyjis may in many Cafes 
be much fimplificd* 

SwnpMlcation, When the experimenter is become acquainted with llic ufe 
Ac, of the of die diflerent inftruroenls, the properties of die reagents, 

and 
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And the relations between the external and chetnlca! qualhies 
of foils, he will feldom find it neceflary to perform, in any 
one cafe» all the procelTes that liave been deferibed. When 
his foil, for inflanoe, contains no notable proportion of cal- 
careous matter, fhe action of the muriatic acid IX. may be 
omitted* In examining peat foils, he will principally have to 
attend to the operation by fire and air X. ; and in the analytis 
of chalks and loams, he will often be able to omit the ex« 
periment by ful[)huric acid XL 
In the hrfi trials that are made by perfons unacquainted 
with chemidry, (hey mud not exped much precidon ofrefulU 
Many difficulties will be met with ; but in overcoming them, 
the mod ufeful kind of pra£lical knowledge will be obtained ; 
and nothing is fo indru6live in experimental fcience, as the 
deletion of midakes. The corred analyd ought to be well 
grounded in chemical information ; but perhaps there is no 
better mode of gaining it, than that of attempting original 
Invedigations* In purfuing his experiments, he will be con- 
tinually obliged to learn from books, the hidory of the fub- 
dances he ts employing or ailing upon ; and ids theoretical 
ideas will be more valuable in being connected with pra6lical 
operation, and acquired for the purpofe of dilcovery. 


XVI. On the Improvement of Soils, as conne^ed with the 
Principle of their Cotnpofuion, 

In cafes when a barren foil is examined with a view to its 
improvement, it ought in all cafes, if poffible, to be compared com- 
with an extremely fertile foil in the fame neighbourhood, and potltiou of fer- 
in a firailar dluation: the difference given by their analyfes 
would indicate the methods of cultivation ; and thus the plan 
of improvement would be founded upon accurate , fcientific 
principles. 

If the fertile foil contained a large quantity of fand, in pro- 
portion to the barren foib the procefs of amelioration would 
depend dmply upon a fupply of this fubftance ; and the method 
would be equally fimple with regard to foils deficient in clay 
or calcareous n alter. 

In the application of clay, fand, loam, marie, or chalk to 
lands, there are no particular chemical principles to be oh- 
ferved ; but when quick lime is ufed, great care mull be taken 
Ibatitia not obtained from the roagneiian limeilone; for in 

thi> 
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this cafe, as has been Ihewn by Mr, Tennant, it is exceeding* 
ly injurious to land The maguefian limeftone may be 
diflinguiQied from the common liniefione by its greater hard^ 
nets, and by the length of time that it requires tor its folu* 
tion in acids, and it may be analyfed by the jprocefs for carbo- 
nate of lime and magnelia IX. 

When the analytical comparifon indicates an excefs of vege- 
table matter, as the caule of flerility, it may be deftroyed 
by much pulverization and expofure to air, by paring and 
burning, or the agency of lately made quicklime. And the 
defedl of animal and vegetable matter mufl be fupplied by 
animal or vegetable manure. 


XVII. Sterile Soils in differerd Climates and SUmtions mnjt 
differ in CompojUion, 

Different cli- The general indications of fertility and barrennefs, as found 
chemical experiraciils, muft tieceffarily differ in different 
irqairc riiff'erentciimates, and under different circumffances. The power of 
fem^ tilts, ^*’***^ abforb moiffure, a principle eflential to their prod udlive-^ 
nefs, ought to be much greater in warm and dry countries, 
than in cold and moift ones; and the quantity of fine aluminous 
earth tliey contain larger. Soils like wife that arc fituated 
on declivities, ought to be more abforbent than Ihofc in the 
lame climate on plains or in valleys f , The produdlivenefs of 
foils muff likewife be inffuenced liy the nature of the fubfoil, 
or the earthy or ftony ftrata on which they reft ; and this cir- 
cumftance ought to be particularly attended to, in conlidering 
their chemical nature, and the fyftem of improvement. Thus 
a fandy foil may fometimes owe its fertility to the power of 
the fubfoil to retain water ; and an ubforbent clayey foil may 
occafionally be prevented from being barren, in a moift climate, 
by the inffuence of a fubftralum of fand or gravel, 

XVIII. Of the chemical Compojition of fertile Corn Soils in the 



Aa»ul compofi- Thofe foils that are moft produdtive of corn, contain always 

tion of iomc certain proportions of aluminous and calcareous earth in a 
Icrttlc fulls, *11. t • t Li 

finely divided ftate, and a certain quantity of vegetable or 

animal matter. 

^ Phd. Tranfaiftions for p. 305. This limeffone Is found 

abundantly in YorkOiire, Derbyffiire, and Somcrletfhire, 

•f Kirwaii. Tranf, Irilh Academy, Vol. V. p. 1 * 1 .*. 
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TliC quantity of calcareous earth is however very various, 
and in fonie cafes exceedingly fmall. A very fertile corn toil 
from Ormiflon in Eaft Lothian afforded me in an hundred 
parts, only eleven parts of mild calcareous earth ; it con- 
tained twenty-fiva parts of filicious fand ; the finely divided 
clay amounted to forty-five parts. It lofi nine in decompofed 
animal and vegetable matter, and four in water, and ^Horded 
indications of a fmall quantity of phofphate of lime. 

This foil was of a very fine texture, and contained very few 
floncs or vegetable fibres. It is not unlikely that its fertility 
was in fome incafure connected with the phofphate; for this 
fubfiance is found in wheat, oats, and bailey, and may be a 
part of their fo<Td. 

A foil from the low lands of Somcrfelfliire, celebrated for 
producing excel Ion: crops of wheat and beans w ilhout manure, 

1 found to confifi of one-ninth of fand, chiefly liiicious, and 
eight-ninths of calcareous marie tinged with iron, and contain- • 
ing about five parts in the hundred of %»cgc(ahle matter. I 
could not detedl in it any phosphate or fulphau* of lime, fo 
that its fertility mu ft have depended principally upon its 
power of atira6ling principles of vegetall j nouiiftnnuu from 
water and thcatmofphore *. 

Mr. Tillet, in fomc experiments made on the compofilion 
of foils at Paris, found that a foil compofed of three-eighths 
of clay, two-eighths of river fand, and three-eighths of the 
parings of linieftone, was very proper for wheat. 

XIX, Of the Compofilion of Soils proper for bulbous Roots 
and for Trees, 

In general, bulbous roots require a foil much more fandy, s '.mK pn’p-! fc*r 
and lefs abforbent than the grafles. A very good potatoe foil, V 
from Varfel in Cornwall, afforded me feven-eighths of filicious 
fand ; and its abforbent power was fo (mail, that one hundred 
parts loft only two by drying at 400 Falncnheit, 

Plants and trees, the roots of which are fibrous and hard, 
and capable of penetrating deep into the earth, will vegetate 
to advantage in afmoff'all common foils, w’hich are moderately 
dry, and which uo not contain a very great cxc(*is ot vege- 
table matter. 

♦ This foil was fent to me by T. Poole, Efq. of Nether Stowev. 

It is near the opening the river Pairet into the Biiii/li Chanucl ; 
but, 1 am told, is never overflowed. 


1 found 
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Soils rendered 
fertile by change 
th>: compofi* 
tion sif the 
eairhy parts, 
are more per- 
maticnr than 
Kiaiiured ioils* 


Apparatus for 
expeiiiuents. 


I foiwd the foil taken from a deld at SheBield^pJace m SutTex, 
remarkable for producing flourifhing oaks, to ronfid of iix: 
parts of fandi and one part of clay and finely divided matter. 
And one hundred parts of the entire foil fubmitted to analyfis, 
produced • 

Parti. 

Water » • * • • 3 ' 

Silex • • » • . 54> 

Alumine • • • ->28 

Carbonate of lime ... 3 

Oxide of iron » • • • 5 

Decompofing vegetat>Ie matter 4 

Lofs 3 

XX. Advantages of Improvements made hy changing the Com* 
pofition of the earthy Parts of Soils» 

From the great difference of the caufes that influence the 
‘ produflivencfs of lands, it is obvious that in the pretent flate 
of fcience, no certain fydem can be devifed from their im- 
provement, independent of experiment; but there are few 
cafes ill which the labour of analytical trials will not be amply 
repaid by the certainty with which they denote the beft 

methods of amelioration; and this will particularly happen, 
when the defeS of compofition is found in the proportions of 
the primitive earths. 

In fupplying animal or vegetable manure, a temporary food 
only is provided for plants, which is in all cafes exhaulied by 
means of a certain number of crops ; but when a foil is render- 
ed of the bed poflible conditution and texture, with regard 
to its earthy parts, its fertility may be coniidered as per- 
manently edablilhed. It becomes capable of attra^ing a very 
large portion of vegetable nou^iflmienl from the aimofphere, 
add of producing its crops with comparatively little labour and 
expence. 

Defcription qf'the Apparatus for the Analyfis qf Soih§ 

A, Retort. 

B. B. Funnels for the purpofe of filtrating. 

D. Balance. 

£• Argand^s lamp. 

F, G, H, K. The diflferent parts of the apparatus required 
for mqafuring the quantity of eladic fiuid given out during 

the 
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ihe adioff of m mid on calcareous foils. F. Eeprefents (he 
jbotUe for contaiOmg ihe foil. K. The bottle contaihlng the 
acid filrnifhed with a fiopcock. G. The lube connefled with 
a dacckl bladder. I. The graduated meafure. H. The bottle 
for containing the* bladder. When this inilrumcnt is u^d, a 
given qo&nliily of foil is introduced into F ; K is hlied with 
muriatic acid dilated with an equal quantity of water; and 
the ftop^cock being clofed is conneded with the upper orifice 
of whieh is ground to receive it* The tube G is introduc- 
ed into the lower orifice of F| and the bladder conneded with 
it placed in its flaccid flate into H,. which is filled with water. 

The graduated meafure is placed under the tube of H. When 
the flop-cock of K is turned* the acid flows into F, and ads 
upon the foil ; the elaftic fluid generated pafles through G 
iaio the bladder* and difplaces a quantity of water in H equal 
to it in bulk, and (his water flows through the tube into the 
graduated meafure ; the water in which gives by its volume 
the indication of the proportion of carbonic acid difengaged 
from the foil ; for every ounce meafure of which two grains of 
carbonate of lime may be eftimated. 

L« Reprefents the fland for the lamp* 

M, N, 0* F, Q, R, S, Reprefent die bottles containing the 
different reagents. 


IV. 

Difcoverifofu netx>'^getahk Sub^mteef by Mr. Rose ** 

A CONCENTRATED dccodion of the root of elecam- Deco£tion of 
pane# inula niUit fiandtng tome hourt^ depofits 

white powder* ..appearing. fight much like ftarcb; buta^ refemblixig 

differing from R bo(|iin ^prineipies and in its mailner 
comporting ilfelf with other fiib^nccs. 

1. This fiibflance is genera% infoluble in cold water, jt is infoluble in 

Being Curated with U a liquor i«T<kraed, which 

foon depofib #heavyi'iltute powdlir* and leaves the fuper- 
natant water clear and limpid. , - , 

2. It diflblves very well in baiting water. On heating to Soluble in LoH-* 
ebuHkioQ one part of the white powder, with;lM^ |W of'"® 

a :prom Gehlefi^ t804* Voh III. p. 517. 

Vat. XlI.««-0cTQiuit4s. H watcr^i 
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Bat much fub* 
fidcs on coohni;. 


Diffieri hm 
'ioiucumofd;ra« 

aiabic. 


Alcohot fepa- 
sates it from 
water, 

does not gum* 
arable* 


Me^ts, emits a 
thick fmoke, 
and leaves httle 
refxduum. 
Thna difl^rs 
from ftarch, 

and from gum* 

0» red hot iron 
burns* 


Smirch. 


DryniMilatioh 
p7oduce&anaeid^ 
xJtnooLL 


Nitrid acid pro- 
duces indlic, 
oxalic^ and in 
rveefs acetic* 
OiHH the fac- 
• roladlic acid» 
i;>£jr.rh kt* 


NEW VSGC7ABLE SCBSTAKCB* 

water, a complete folulton is obtained, wfaich paflfes through 
filleting paper while hot, but on cooling acquires a tnttcUa«> 
gifious contiAeiice and a dull colour* In (he courfe of foine 
boors this folution depofits the greater part of the fubftance 
liillblved in the form of a compad white powder. 

A {blutfon of one part of gum arabic, in four parts of 
water is much thicker, of a more tenacious confidence, and 
froths lightly, which the Ibluliop of the powder from (he 
elecampane root does not* 

3 . On mixing the folulton of the witiie powder with an 
equal quantity of alcohol, the mixture is at firll clear, but in 
a little time the powder feparates in the form of a tumid white 
fediment, leaving the fluid above it tranCpaieiit. A folution 
of gum-arabic on the addition of alcohol berromes immediately 
milky, and long retains (his appearance, no kind of powder 
feparating even in feveral da} s* 

When thrown on burning coals, the white powder melts 
like fugar and evaporates, ditfufing a white, thick, pungent 
fmoke, with a fmell of burnt fugar* After this combuftion a 
light refiduum only remains w'hich runs into the coal. Starch 
emits u Cmdar (moke, but does not melt, and leaves a coally 
refiduum mucli ^leatcr in quantity. Gum-arabic under the 
fame circuthfiance»> gives out fcarcely any fmoke. 

He^tted in an iron fpoon over charcoal the powder firtf 
metis, and emits the fmoke above deteiibed* As foon as the 
fpoon becomes red liot, it bums with a vivid light flame, and 
leaves a very trilling coally refiduum. Starch under the fame 
qirctim&nccs does not melt, is mur^h longer before it burns, 
find leaves a confiderable refiduum ot coally matter. Gum- 
arabic only fparkies, does not (ake fire, and leaves a great 
deal of coal, which ts readily convertible into grayifh afhes. 

5. By dry difiillation we obtain from (his powder of the 
elcinmpine root a brow’ii empyreumatic add, having the 
fmell of pyroxaKc arid, but not an atom of empyreumatic 
oil. 

0. The nitric acid transforms the powder only into malic 
acid and oxalic add, and when ufed in great exc^fs into 
acetic acid : but w^e do not obtain an atom of the facchplafiic 
acid, which gum-arabic treated in the fame manner furniihes 
fo abundantly; or of- the fatty matter which is generated by 
the adton of nitric acid on /larch. 

2 * From 
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From all tliefe phenomena it follows^ that this ferinaceons Kcncr of a 
potsrder extraded from elecampane root, is neilHer ftarch nor 
gUm« but a peculiar vegetable fubtlance holding a middle and piobably 
rank between the two. It is probable^ that it exifts in many 
other vegetables^, and that feveral produds hitherto confidered ^ 
as darch are of the fame nature as this farina. 


« 

V. 

New Galvanic Difcoverm Mr* Ritter, cttraStedfrom^ 

Letter from Mr. Christ. Bernoolli ** 

1 Here tranfmit you the information you requeued re- 
fpeding the late experiments of Mr. Ritter, to which I fub* 
join fome account of that gentleman. 

i. Charging of a Louis d*Or hy the Pile* 

The pile with which Mr, Ritter ufually makes his expert* Mr. Rittei’s 
menu confifts of a hundred pairs of metallic plates, two inches 
ill diameter. The pieces of xinc have a rim to prevent the 
liquid prefled out from flowing away. The apparatus is always 
infuiated by feveral plates of glafs. 

As Mr. Ritter at prefent refides in a village near Jene> I His grand 
have not been able to fee his experiments with his grand Jj*gTbattcry 
battery of two thoufand pieces, or with his battery of fifty 
pieces, each thirty*fix inches fquare, the adion of wiiich con- 
tinues very perceptible for a fortnight. Neither have I feen 
his experiments with ,tbe new battery of his invention, con- 
fiding of a, Angle metal, and whicif he calls the eWgsttg sad charging 
pile. ‘ 

I have frequently boy? ever, feen. him galvanife louts d’or Louis dVr 
lent him by perrq^.,,|flfojfi^t. To effed this, be places 
louis between two piecea of pafieboard thoroughly wetted, the galvanic 
and keeps it fix or eight minutes in the chain of circulation circuit, 
conneded with, the pile. Thus the louis becomes charged, 
without beingfimmediallfely in coiitad with the conduding 
wires. If liiis louis be applied afterward to the crural nerves «eitcs eontrac- 
of a frog recently prepared, the ufual contradions will 

* Tranfiated from the JeumaJ de Cbimie and d$ PhjJique of Van 
Mona, Mo. 17, p. 133, March, 1805. 

* H2 


exciledi 
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and may thus be excited. I h^d put a louis ihus galyaoiM 

and Mr. Ritter faid to me a few miautei after, that I iB%!ht 
find out ihk louis from among tlie reft, hy trying them in 
fuccelBon upon the frog. Accordingly I made the trial, and 
in reality diftinguithed among feveral othefs a fingie.one, in 
jofe in charge exc iting quality was very evident. This charjp i» 

* for fome retained in proportion to the time that the piece has remained 
minutes. jn circuit of the pile. three different louis which Mr. 

Ritter charged in my preTence, neither loft !u charge in lefs 
than five minutes. All ihefe experiments fucceeded com- 
pletely, and-nothing feemed foeafy as to repeat them. 

TCs (hows the This retention of the galvanic clvarge by a metal in conta£l 
gafvamc^wlth^ metals, (hews this communica- 

the magnetic tion of the galvanic virtue to have more affinity with mag** 
which 'anTihe electricity, and affigns to the galvanic fluid 

dearie, it holds an intermediate rank between (he other (wo. 

^ce^* manner which I have juft deferibed, Mr. Ritter can 

cbvged charge at once as many pieces as he wifties. It is fufficient 
at once. if the two extreme pieces of the number communicate wUh 
the pile through ilie intervention of wet pafteboards. It is 
with metallic difcs charged in this manner, and placed upon 
one another with pieces of wet pafteboard alternately inter* 
Rittcrian pile, pgfed, iliat Mr. Ritter conftru^ls his charging pile, which 
ought in remembrance of its inventor to be called the Ritter ian 
Metdsthus, pile. The conftru^ion of this pile (liows, that each metal 
galvantfed in this way acquires polarity, as the needle does 
when touched with a magnet. Tbongh 1 have had no op- 
portunity of feeing this new pile, I have convinced my felf of 
the reality of the phenomenon by an experiment of the higlieft 
importance to fcience, and for the invention of which we ate 
equally indebted to the. fame ingenious philofopher. 


Different exci« 

« rability of the 
parts of animals. 


- ? 2 . D^erent ExekMUty of qf Aumals, 

touring the courfe of feveral years in which Mt. Ritter has 
been employed in galvanic purfuits, and during which ^he has 
made many Ibourands experimentf on the' excitation pro- 
duced in the lirq^ by coniaft df two differ^t metals, 
for Mr. Ritter has hbt entirely abandon^ the original mode of 
galvaniftqgi like tbbft other experimentalifts, who employ 
Volia^s pile excliifively ; he had,. perceived not a very, 
dift^ence in the excitability oif^lfae difoeet of 

animalsi 
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aeimab, but alfo a difference of excilement between ibe 
4xtei}for and flexor mufeies^ according as the pofuive or nega- 
tive pole was applied to them, or as they were adted a poo 
the inffant after ^Ihe metals were brought into con^cl or 
feparated from eac^ other. 

When the excitability is at its higheff point of energy, as in When die 
very young frogs the moment after they are preparedt or in ^ 

adult frogs during the coupling feafon, the flexors atone con- greatcfi» the 
tradt, and in particular the flexor roufcles of that thigh 
which the fllver or negative metal is applied^ contradt at thevanifm; 
inftant when the metals come into conta^, while thoie of the 
thigh to which the zinc or pofitive metal is applied, contradt 
at the inflan t of their reparation. 

The oppofite effefts are obfervable in frogs, the excitability when it is lowed 
of which is on the point of being extinguifhed, (Ritter's contract by 
degree.) In this cafe the extenfors only contradl, and the negative, 
flexors remain abfolutcly motionleis. At the moment of 
contadl of the metals the mufcles on the zinc fide alone are 
thrown into adlion, and at the moment of feparation Ihofe on 
the filycr tide, 

Mr. Ritter diflinguiflies three degrees of mean excitability. When the ecci- 
At the fecond degree (the firfl of the three mean degrees,) tween^hcmc- 
when the metals are brought into contact, a ftrong excitement dium and cither 
of the flexors is difplayed on the filver fide, and a weak thc*^ 

excitement of the extenfors on the zinc fide ; and when the flexors and ex- 
metals are feparated a ftrong excitement of the flexors is feen ^^nfors fimuita- 
on the zinc ude, aw^ a weak excitement of the extenfors on equal, 
the fllver fide. 

At the fourth degree of excitability the contrary takes At the medium, 
place. At the thW or middle degree the excitability appears ^muluneoua.^* 
to be equally diftributedi tte contractions on each fide appear 
equal, and at the of poiita6l the flexors coptrad; on 

the fllver fide, the extenfors on the zinc fide ; while at the 
moment of feparation the extenfors contrail on the fllver fide, 
and the flexors on tht^ zinc fide. 

Mr. Ritter ^owed me all thefe phenomena^ and it was very 
eafy to dlflirngaifli>he different ptmiradions. 1 have linl yet 
had time to repeat thefe experiments, Imt I am afraid, eafy as 
they appeared to be, they will require an experienced hand, ,> 
to produce fuch diftiD6l effeSs as I faw. Nphe of theexperi- 
luents Which Mr. Riiten performed before me fucceedfed with jj® "y, fuc^U 

him 00 the flrfl truU 
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Mr. Ritter’s him the firft time. Moft of thefc eicpertciieiits hBvc never yet 
?o*iently*apI^^" been made public^ and few philofophera have juftly appro** 
prcciatcil, ciated the value of thofe which have been given to the world* 
There are fome people* who* habituated fojely to the tlriking 
eife6t$ ofgroflTer phyfics* fuppofe it impoffible for a young 
philofopher to fee any thing more than themfelves in the 
delicate phenomena of a more refined order of phyfical ex-^ 
periments. What has greatly cbntribuled to prevent Mr. 
ptrtly owing to Ritter from attaining the high reputation he deferves is his 
his%lo. flyle, which* by endeavouring to give it preeifion, he has 
rendered obfeure; but in converfation it is quite otherwife* as 
here he combines the firiiSleft logic with the greateft fimplicity 
of expreffion. 

Aocounr of Mr. Ritter is one of thofe men* who owe every thing to tte,£ 
Mr. Ritter, infpiration of genius* nothing to education. He was intend- 

ed for a mechanical occupation* when the difcoverics of gal*< 
vani excited in him that innate lade for the phyfical fciencesj^ 
which has carried him over every obftaclc, and raifed him Id' 
rank among i!ic fird natural philofophers, Deditute of every 
fourcc for procuring himfelf the apparatus indifpenfable la 
ordinary phyfics* but fwayed by the enthufiafro of inquiry, 
he greedily feized the oppoitunity (»f obeying this impulfe by 
purfuing a .feries of experiments* that require only a fimple 
and not a very expenfive apparatus. Europe has rung with 
the fuccefshe has obtained within tlie feven years he has given 
to his refearches. He mud have written much to procure 
himfelf a large pile* and the moft neceflary books of natural 
phiiofbpby. 

Not iefs indefatigable as an experimenter than ingenious as 
a tbeorjft* he has committed to, writing thoufands of experi-r 
fnentt* which his time divided between galvanic experiments, 
apjf^icatipn to other branches of phyfics* and (he ftudy of 
languages* has not yet allowed him to put in order for publi« 
cation. ' But (his ftate of cohftraint is about to be at an end. 
The elector Bavaria, that enlightened prince* whofe philo^ 
fophical benefic^uee ettrads to hts dominions the moft di^ 
tinguiflied men ofTcienceand learning throughout Europe* 
has juft appointed Mr, Rititer a Member of the Acti4emy of 
Munich* wjth about 2Q0l. a year* 

He is cotnpo- Mf), Ritter Ims been employed tbefe fix months in com** 
wo^k ** pd4iDg galvamfejji bqt he does tiqf thipk 

vanifm. 
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lie (hall be al)ie to finifh it in lefs than two or three years- 
When I left him he was going to publiHi Tables of {reZrWe Puhbflwng 
Affinity, including all the fub fiances on which he has Uiad® y^a^c* :Saiofty. 
e^iperimenls. Thefe tables will be of as much importance to 
galvanifm as lhofe*of Bergman were to cheniiftry : they wilt 
ibow> though not yet tn a complete manner^ the order in which 
fubftances follow each other with refpe^ to exciting or re- 
ceiving the galvanic a6tron. • ^ 

But to return to the experiments refpefting the charging Jcc\of 
metals. Mr. Ritter, after having Ihown me his experiments ha:i two p«ks« 
on the different contraflibility of various inufcleS| made me 
obferve, that the piece of gold galvanifed by communication 
exerts at once the adion of two metals^ or of one confiituent 
part of the pile; and that the half which was next the nega- 
tive pole while in the circle became pofitive, and the half, 
toward the pofitive pole became negative# I was completely 
convinced of the reality of thefe diflerent phenomena, fo 
important to phyfic in general, and to phybology in par- 
ticular. 

Mr. Ritter having difeovered the raetluKl of galvariifing Gjlden needles 
metals', as iron is rendered magnetic, and having obferved that 
galvanifed metals always exhibit two pole.s, as the magnetic 
needle does, had the curioiiiy to obferve the elTeft of golden 
needles charged vyith galvanifm and balanced on a pivot. 

To ids furprife he perceived, that thefe needles had a certain both dip 

• ■ ' j r • • 1 vanation, 

dip and variation, and that the angle of variation, the quantity but diUVrcnt 
of which I am forry I cannot recollect, was uniformly the ‘he nut- 
fame in all his experiments. It didPers however from that of 
the magnetic needje, and the pofitive pole always dips* 
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Improvement in applying the Points in ElcMoal^Machities, By 
Mr, G. J. SiKOER. 

To Mr. NICHOLSON. 

.SIR, Princes Street, Sep, \9th, 1805.’ 

In the ordlnary cpnAruflion of eledfrical machines, the col- 
feeing points are fixed, and by the lead accidental motion are 
liable to feratch the tflals, to obviate this inconvenience, 1 



place my poiliis in a cylindrical wire, termipati^ byfmooth 
wooden ballsi whofe femidiameter is lefs than the length of 
the points : This wire is maveable on its axU^ by meaps of a 
fpring focket annexed to the (lem which enters the conduQor: 
The j;>oints may of coarfe be placed at ppy repaired elevatipp^ 
apd the greatefl intenllty any variation in their iituation pro* 
doeesi be obtained. When the. pbints are elevated a little 
above the horizontal ltne« the dagger of fcraichtng the glafs 
is effedually prevented^ by the balls coming in contadi while 
the ppints are kept at a fnoall diflance. The fecurity this 
application produces^ and the additional inienfify it afibrdsn 
have induced me to trouble you with this communication. 

I am^ 

Dear Sir, 

Your's, S:c. 

G. J. SINGER. 


VII. 

Quejlion uohcther Light as a Bodt/ mny not have its TetnjfcraUp'C 
raijed or loivered, and p'oduce the EJkHs ujcribed to reJicSted 
Heat. J. P. 

To Mr. NICHOLSON. 

SIR, 

re- OSSESSING no diEer^llal thermometer, nor any time to 
light, employ it, I cannot prove whether my opinion is well founded 
or not, re^pefling the ingenious experiments tA Mr. Ledie or 
of M. Pifiet, by which the rededion of ipviftble (not radiaut]|| 
beat, and even of cold, appears to have been proved. 

Ipdead of there being an at^uial retledilon of heat as a fub- 
llahce, or of cold as a fubftance, is it not in all thefe cafes 
a refledlon of heated or of cooled light ? In the ejxperiments 
with the heated canniiler, the light of the room is, 1 doubt 
not, heated by the cannifter; and if coUeAed in a focu,^, inuft 
produce an effed on the thermometer, anfwerable to the in* 
creafed quantity of beat wtA which it is impregnated. . Thus 
alfo in Monf. PidePs experiment, the light intercepted by the 
mirror and thence remedied, has lieeo deprived of a portion 
of its oiloric, or in other words cooled^ by the ice t at the 

focal 
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^Dcal point tfierefore will be a colledion of cooled rays of liglit# 
which muft necelTarily occahon an ofTe^ on ihe thermometer* 
the reverfe of that of the former experiment. That light is a 
body capable of being united with caloric^ and that heated ot 
cooled light (hould thus be rededted and occado'n all the phe* 
nomena of Mr, Leilie’s and of M« Pidlet^s experiments, ap# 
pears to be much more probable* than that this calorific and 
frigorific fluid Aiould be the ambient air* or that cold, as a 
body, flrould be rededled from mirrors in (beb a manner as 
light is perhaps only capable of being refleded, Were the 
experiments fo made that no light fliould be in the room, and 
only a fmall confined portion of light ufed to examine the 
thermometer, thefe conjedures would be put to the trial, and 
) trufr the myflery would be removed. 

Sir, year's, 

j.p. 

VIII. 

Ilxperments o\i a Mineral foinu rip callal j'Jjh Tunpftcin, now 
CcfiiCg in which a new Metal has bLat found/'' 

R, Klaproth, about eight months ago, fays Mr. Vauquelln, Klaproth fup- 

f<*nt me word, that he had difeovered in the tungftein of Baflnas I’*’'* 

. .... , 1 - I • dilcovcred a new 

a new earth, to which he gave the name of ochroit, on account eaith in the 

of the red colour it acquired by calcination, Melffs. Hifinger tuugfteini 

and Berzelius, hearing this, wrote to Mr. V, claiming the Hifmger and 

priority of difeovery, but affirming nt the fame time, that What 

they had found Was a ne^ metal. iThefe gentlemen afterward 

fent Mr. V. fpecimifns of the mineral, which he analy^ in 

company wdth two experienced pradical chemifts, Meflrs« 

TaflTaert and Bergman, Tbe following were the refults of their 

aiialytis: 

The pure cerite f is femitranfparent, with a flight rofy tinge, CharaderB of 

pure ctritc, 

. ♦' Abridged from a paper by Vauquelin in the Annates de Chimte^ 

Vtol, LIV. p. 28, ai.d another by Meffirs. Blifingei* and Berzelius in 
van Mouses Journal de Chimie^ Vol.'VI. p, 142. — C. 

f MefTrs* H. and B. have given to the metal' the name of eerton 
or eerium, from the hew planet Cercs^ and to the mineral in which 
thfcy difeovered it ih^pt emte. 


or 




fuinvmuruuc 

atkU 


The frtivthn 
pi‘ecj|)itAtcti 


hy pro/HaV r f 
foa/h 3nd ant- 
IhOniM* 


Examined by 
different rc* 
allies* 


fir of a light or deep fle^Mselottr ** J( & fttfSe^tljr hard to 
lEc^ratch glafs t» firikes fire wieh difficohyirjmd iU fpecific gravity is 
4*5Sa. It has no delermtnate cryftalBee figoire. Its fradore 
is compact ta, ^nd a liitte fhtning« Its powder is of a grejifh 
ooioar; it becomes yellow by calcmanbn^ and lofes twelve 
per cent 

Exfh, I. Two hundred parts of this mineral treated with nU 
trcvrottriatic acid three times focceiTively, gave abundance of 
nitrous acid and oaigenated muriatic acid gas« The firfl and 
fecond foitttictis being dilnted with water were of a gold colour; 
thefcliird Was co)oar!ets« Fhe former two being mKed depo- 
fited fpontaneouily in time a fmall quantity of white fediment. 
The reiiduum left by the nitro-muri^tic acid of a gray co- 
lour with a flight rofeate tinge^ and weighed 62, io that 1 ' $ 
parts were difiolved. 

Z’rp. 2. The ^oliitloije being evaporated to conn Pence 
of f)rup to volatilife^ the fupcrfiuokic* ar id reinauieJ cleans the 
end of the operatjoi Their iehdmun» diluted with water, 
sff nkd a milky li^juor^ with a flight rofy tintj, ana a very 
aitriHgtnt lafte. 

ihulFidte of pot^fh produced in !♦ »i gwni/lj bJuvprct Ipitafi : 
the colour of which was changed to «i biovt n hj a fmall quantity 
of annrr>nia. 

>^ll the liquor into which a fmali quantity of ammonia Lad 
been put to precipitate the iron alone wav poured into a feilti, 
but would not pafs thidngh. It wa'> healed therefore, and 
lilteredA when it appeared of a gold colour, and had a very 
iaccharioe tafie. Fruliiate of potaih and oxalate of ammonia 
threw down from it perfei^ly white precipitates. 

The maltei left on the filter continued for a long time to 
impart a yellow tinge to the water with which it was waQied. 
It was of a red colour, and appeared like oxide ol iron at a 
maximum of oxidation. 

The foltttion thus deprived of the red matter by ammonia, 
was examined by various reagents. Prufiiate of potafli gave 
with it a white, fiocculent, gelatinous precipitate, Infufion 

^ Opake, and fometimes but very laiely, yeliowifh. MeifiW 
H. and B. 

t Does not fcratch glafs. H. and B, 

} Unequal and angular^ H. and Bt 

I Six or feven* H. and ' 

of 



rf gaUsf; a In'i^^^^ltocQalent fediaienti unaffe^led by 

Carhonajbei of pota(h« a very copious while ^Mino^a 
pr^ipttate^ Caa^ic potafb^ the fame : and an exciefs of Ihif 
leagent produced ^ no chhn;ge« Oxalate of ammonia> a very 
copioai»^; whi(e» docc^lent precipitate^ infoiuble in an excefi 
of qjjalic acid. Sulphuric acid, a yellow cryftatline precipitate 
folubie in water, Morate of tin whitened the folation without 
forming any precipitate, • 

Ejp, 3* After this the folation was evaporated, when it Attempts to &» 
inftantly became turbid, and formed an abundant fle(H*coloured 
depoftt. This was treated with acidulous oxalate of potafn to 
dilToIve the iron without foccefs : the addition of nitric acid 
w as as unruccefsful : hut muriatic acid added to the preceding 
dilTolved tlie precipitate with effervefcence and the emiliion of 
oxigcnated muriatic acid gas. A white crvltalline fubilance 
.however, remained, confifting of oxide of cerium with oxalic 
acid. The greater part of the excefs of acid in the fuiution 
being faturaled with ammonia, oxalate of ammonia was added 
till no more precipitate was formed. This piecipitate had all 
the properties of oxalate of cerium. Ammonia threw down 
from (he filtered liquor oxide of iron, 

/fj/i. 4. The. matter precipitated firom the fo/ution of cerium Mur/itc prcc*. 
by ammonia in Erp. H, ditlolved with effervefcence in ^^iuriaiic 
acid. Oxalate of ammonia threw down from this folution 
oxide of cerium, and the filtered liquor contained oxide of 
iron tolerably pure. 

Exp. 5, The liquor freed from the greater part of (he iron Nifratp prer>?- 
by ammonia and heat, which had nQlwilhftanding a flight ro- of ^nmonia!'^*^ 
I'eate tinge, was precipitated by oxalate of ammonia. The 
precipitate at the mbmeiifof its formation had the appearance 
of muriate of fllyer, but f^ion became granuloiis and fubflded 
in this form# The liquor ,pafled through the iiiler coiourlefs, 
and the rofy tinge remained in the oxalate. 

Exp. 6. As the liquor from wdiich the oxalate of cerium was Oxa’ itc of lime 
precipitated contained an excefs of acid, it might be prefumed 
to bold' in folution mod; of the oxalate of Jitne formed at (he 
fame time, if the jerile contained any. Accordingly it was 
mixed with the w ater (hat had waflied the precipitate and con- 
centrated by evaporation, when on the addition of ammonia a 
fmafl quantity of oxalate of lime was thrown down. 

, Exp. 7* As notwiihflj^nding fome oxalate of lime might have die lime 
. been precipitated with the ox^Ute gf cerium, a portion of the 

red 
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red oxide of cerium urifing from the decompofilibn of the ox-i 
aiale by calcination was diflToIvcd in muftalic acid. A briik 
eHervefcence intlantly took place, with the evolution of oxi«* 
genated muriatic ga^, which continued till the whole was dif^ 
folved, and differed in norefped from that prepared with oxide 
of manganefe. 

Mttfiatic fain* The (oluiion of cerium in muriatic acid was clear, and had 
lemkrcrfoU?^^ ^ fofy tinge. To feparale it from the lime, if there 
auunoaia* were any, ammonia was added, when the folution, having been 
diluted with but a fmall quantity of water# congealed into a 
femilranfparent gelatinous mafs, which it was ncceffary to agi* 
late with a great deal of waLer» before it could be gotten out 
of the bottle. 


Oxtlati of cerU 

tiia* 


Does not cam- 
bine wich al- 
kalies. 


Comp'^nent parts 
at ceriK. 


The precipitate being w alked and calcined was very com pa6l, 
and had a brilliant fracture. 

The liquor thus dccompofed by ammonia contained lime, 
as appeared on precipitating it with oxalate of ammonia. 

At the intlant when the oxalate of cerium is precipitated by 
ammonia it is white and femitranfparent ; but by agitation in 
the air and deficcalion it aflumes a yellowifti colour, and be- 
comes opake. A remaikable circumAance is, that, if it be 
boiled with ammonia or potafli before it is dry, it becomes 
again pcrfeflly while and opake. This is not owing to any 
combination of the aicalies with the cerium, for when it has 
been well waihed, no trace of them can be difeovered by the 
mod careful analyfis. 

The refiduum left untouched by the acids was afterwards 
examined , when it appeared, that the pureft ore of cerium * 
from Ballnas contained ki 100 parts. 


Oxide of cerium 65 

Silex - • ,17*5 

Oxide of iron • 2 

Lime - * 3 or 4 


Water • 12 


98-5 f 

Ceriutiti 

^ Mr. Vauqueliu analyf^d other fpecimens, which were mixed 
with green a^inpte and cupreous pyrites j but as nothing particular 
o<;curred in thefe analyfes, it is unnecefTary to enter into them* 
f iMefirs. H. and B. fay : filex 23 pai'ts^ carbonate of lime 5*5# 
oxide of ii‘oi)22» and of oxide of cerium after calcinationmore than^ 

. 60. 
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Cerium, Iikfe feveral other melaU, appears fufceptible of two Cenum has tw» 
very diftinfl degrees of oxigenation: the oxide which contains 
Jeatt oxigen is white ; that w^hich is faturated with it is of a 
fallow red« Though they difier confiderably in certain refpedts^ ' 
their jquanti ties of bxigen are not very dillimilar, whence they 
are readil>^nd cafily commutable into each other. 

^‘he^v4me oxide expofed to the blowpjpe foon becomes red,£xpored to the 
but does not melt, or even agglutinate. With a large propor- 
tion of borax it melts into a Iranfparent yellow globule * : with 
lefs the globule becomes opake on cooling. On beating gently 
a tfanfparent compound of borax and oxide of cerium it becomes 
milky like a tin enamel. 

The white oxide of cerium becomes yellowifli in the open Takes oxigen 
air, but never To red as by calcination, becaufe it readily 
bines with carbonic acid, which oppofcs its union with oxigen air. 
to the point of faturalion, and becaufe it always retains a por- 
tion of water, which diminifties its colour. ' 

Caudic poladi by (heatlinance of heat deprives the red oxide Atcalies da not 
of part of its oxigen, and renders it while. This being dried, 
however, and urged to the date of fufion, becomes red again. 

Alcaiies have no other a6lion on it. 

Sulphuric acid diffolves the red oxide with great ditficully. Sulphuric acid 
Equal parts of it and of fulphuric acid diluted with four times redox- 
its weight of water combine readily when heated : the whole 
mafs aCfuming a crydalline form and brilliant afpedl. On adding 
fredi acid, and heating them together a long time, a complete 
folutioh lakes place. This folution being evaporated by a gentle 
heat cryftallizes in very fmall needles, fome of which are Two fulphates. 
orange f, others of a lethon colour. If evaporated quickly, 
nothing but a yellow powder is obtained. 


50. The increafe of weight they aferibe to oxigen abfarbed by^the 
iron and the cerium. 

* Firft blood-red, then, as die heat decreafes, green, yellowini, 
and finally cotourleis. if it be kept in the middle of the dame it 
continues as clear and colourleis as glais. Thefe phenomena are With a oloof- 
inore evident, if aphofphoric fait be employed. If two colour iefspbo^c LK 
tranfparent globules , one formed with bprax the other with a phof- 
phoriciiilt, be fufed together, a tranfpsurent compound is produced, 
which on cooling becomes opake, tnd of a pearl colour. MelTrs. 

H. and B. 

f Thefe MeiTrs. H. «nd B. confidcr as an acidulous fulfhate of 
cerium at a maximum dl^o)^idation. 

The 



IJO EXPERIMENTS OW CERITE*; ^ 

The fulpha^e of cfTinm is foluble in water ortiy by means of 
an excels of acid. Its tafte is faccharine and acid. 

With the white Sulphuric atid eafily combines with the while oxide,.particu-» 
larly in the ftate of carbonate. The foluiion is colourlefs, or 
with a flight rofy tinge ; of a faccharine tafte without any per- 
ceptible acidity ; and readily affords white cryfta?>. 

Nitric acid with Nitric acid does not readily diflblveihe red oxIJs^unlefs 
thcredoxjdc. by heat. If the acid be^fuperabundanl, the fohuion 

yields white deliquefeent cryflals : if not, no cryftals ate formed* 
but a yellowiftj fait is formed by deficcalion* of which alcohol 
at 38 ® will dilTolve half its w The nitrate of cerium is 

decompofable by heat, and Leaves a brick-coloured oxide. 

With the white. The w'hitc o)iide unites more readily with nitric acid, but 
this fait is not more eaflly cryflallizable. Its tafle is at firfl 
pungent, afterward very fugary. 

Muriatic acid. Muriatic icid diffolves the red oxide with effervefcence. 

The foludon cryfl.i!iizes confufeclly. The fnlt is deliquefeenU 
foluble in an equal weight of cold water, and in three or four 
times its w'oight in ak oiiol. The flame of this foluiion acquires 
no colour from the fall, but if agitated, w hile, red, and purpie 
points appear in it 

Oxigenated mu. Oxigcnaled muriatic acid has no action on the red oxide, but 
riaik jcid. diflolvcs the white, without yielding io it any of its oxigen. 
t i bonic acui. oxido of ccrium unites ealily w ilh carbonic acid. I’he 

inoft Ample and ready method of forming this compound is to 
clecompofe a foluiion of the nitrate or muriate of the white 
oxide by fatii rated carbof^te of potafli, when a very white 
precipitate wdll Jje formed with effervefcence, which is very 
light, and on drying alfumes a lhfnin|r fllvery appearance. 
Kuho-fuiphures Sulphurated hidrogen does not combine with cerium: but 
aViiira liidrofolphures may be employed fucceflively to feparate any 
iron that may be mixed with it ; for, when this is the cafe, the 
flrft portions of hidrofulphure will throw down from the 
' foluiion of cerium a greenilh precipitate till no more iron 

remains. 

Tartarous acid. The white oxide will unite direfily with lartarous acid, but 
requires an excefs of the acid to render it foluble f • 

Mr. 

^ When this folutlon is concentrated it burns with a yellow ipark- 
ling flame. Meifrs. H. and B. ' ^ 

f M^rs- H. and B. bava obferved, at wdl at Mr. V. that, if 

’ the 
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Mr* VaotjU€|Pn mad^; feveral anfuccef^ful attempts to reduce Redufllon «f 
this meta! ; at fir ft he ufed the oxalate made ioio a pafte with ^ 
fiit oJL However, having mixed tarfrile of cerium with a very 
fmali quantity of oil and iamp*black, he put it into a crucible 
of charcoal bedded in fand in an earthen crucible, and heated 
it for an hoojr and half in a forge furnace. A metallic globule 
fcar^ciy -^'wge as a pin^ bead was now left in the coal, but 
no other trace of cerium coiQd he difeovered, though the fand 
was examined with the utmoft care. 

None of the bmple acids adled on *lhis globule, but it dif- Th<* gir.l^uic r x- 
folved, though with extreme difticultyi in aqua regia, after being 
triturated. I'lie folution was reddifti, and exhibited unequU 
vocal marks of iron : but it like wife gave evident flgns of the 
cxiftcnce of cerium, both by its faccharine lafle, and by (he 
while precipitates which tarlrite of potalb and oxalate of am* 
monia threw down. The metallic globule too was harder, 
much more fragile, more fcaly in its fradurc, and more white 
than pore caft iron. 

As from Ihefe experiments cerium appears to be volatile, a Volatile, but 
fimilar mixture with the addition of b irax was heated in ft uit- 

porcelain retort, to tiie neck of which a porcelain tube was leu. 
adapted. Whether from the infufficiency of the heat however, 
or from the metal he i rig volatilized without adnering to the 
neck of the retort, no trace of fublimate was found. But 
feveral very fmali metallic globules remained in the retort, ad. 
herlng to a black varnifn formed by the borax. There were 
fome of (hefe globules about the upper part of the veflTel, to 
which apparently they itad been fubltmed by the force of the 
hre; but all thefe globules together, would not have amounted 
to a fiftieth part of the cerium employed. 

the falts of cerium, decompofed by taitrite of potafh ftill contain Xirepk and ifa<!y 

traces of iron, tJie iron rtmains difiblved in the liquor, particularly mcchod of free- 

if a flight excels of tartrite be employed. Accordingly they have 

propoleii this method as the beft and fimplcft for freeing the crriuin raining the ox« 

from iron. The procefs they recommend for obtaining pure oxide f'»re- 

of cerium is, todiftblvc in nitro>muriatic acid any quantity of cerite, 

carefully felefled and .horoughly calcined. To filter the folution, 

neutralize it by cauftic potafh, and then precipitate by tartrite and 

^tafb. The precipitate well waClurd, and afterward calcined, is 

pure oxide of ceriunn 


Jbjira^ ' 
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IX. 




Objeft of the 
memoir. 


B<'gins with the 
coioiiis refill- 
ing from a mix- 
ture of rayb. 


For which we 
are indebtea to 

Newton. 


Plvlinainary rc- 
^vihccs. 


Cos^plementa^ 

colours. 


Ahflra^ of a Memoir, entitled Confideratiom on ColouTfp ond 

fever at of their fingular Appearances; vead at the Cldfi qf 

Mathematical and Phyfical Sciences qf the Nati^al Infiitute, • 

March, 1805, C. A. Pkibuk ♦. 

LTR author here endeavours fo account for feveral pheno- 
mena, which appear to him never yet to have been properly 
explained : or rather it is his objec^ to exhibit a general theory, 
by means of which all cafes of coloured appearances, even the 
mofi extraordinary, may be referred to cerlaid principles. 

He lets out from the known opinions concerning the various 
fpecies of luminous rays, the colours refulilng from a mixture 
of feveral of ihefe rays taken at difTerent parts of the folar 
fpe£lrum, and among others the very remarkable cafe, where 
the rays are fo chofen, that their union produces on the orgm 
of fight the fenfalioti of whitenefs, even if two forts of raj^ 
only be employed. 

Por thefe ideas we are indebted to the difeoveries of the 
immortal Newton, and they flow. immediately hfom the me- 
thod he has propofed for determining what colour would be 
obtained from a mixture of certain quantities of other given 
colours. 

If we would tlioronglily comprehend what pafles in the 
feeing of colours, it is indifpenfable in the Aril place to obtain 
a familiar acquaintance witb the fliades compofed of feveral 
fimple rays ; to acquire precife ideas of black and of white, 
and of ibe complication thefe introduce info colored appear* 
ancei'; and more efpccially to underfland the relation of co- 
lours, which, taken two and two in a certain order, are 
ctipaible of forming by their union white; or if you pleafe any 
other compound tint. . 

Two colours having this kind of relation to each oilrer are 
reciprocally tertiied complementary colours: one of thefe bmng 
given, the ofhefi^ay be determine with more or bds |nN!c^n 
by various modes of experiment, calculation, or {i mim ipaifon- 
ing; and the cooliderafton of them applies very ufefc^ to k 
great number of cafes, as vthl be feen on. 

e Trapllated froAs the Amalet de LZV. p« 

\m. ■ K 
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ATIONS ON COLOUItS« 1 1 j 

We here pals over many particulars, which perfons verfed in 
the fcience of oplic?, or habilualtd to the pra6lical applica- 
tion oi colours, will eaiily iiipply. Bi iidcs, the lubfequent 
part of the tnemoii;, of which we have undertaken to give an 
accdiit^, wij^urnitli an opportunity of repeating what is moil 
necclTarv underftanding ihefe fubjedls. 

After thefe preliminaHes the author pfocoeds to obfcr^’^atiortfe Contrafts* 
on contrajls. He employs tITis word to charafierize the efFcd 
of the ilmuUaneous vilinn of two fubilances difForenllv co- 
loured, when brought near together under certain circum- 
ilances. Contraft then is here a compariibn, from which rc- 
fults the ienliment of a certain ditlhrence, great or fmalh It is 
pretty generally known, and painters in particular are well 
aware, that a coloured fubilance occupying a fpace of little 
e::tent, and placed near or furrounded by a given colour, has 
not (he fame appearance as in the neighbourhood of another 
^lour: but whence arifes this difference ? 

Before we attempt to anfwcr this quellion, let us make an 
cITenlial dirtindlion. The colours in queftion mull be either 
lioraOgeneai, that is lormed of one fort of r.iys only; or com- 
pound, that is fornird of a nnxture of diff.Tei.L rays. 

In the iiiil cafe, it mull be confefled, we are ignorant, CmtraiTs of 
w'hether the approximation of different fimpjc colours would yet^exa”*^* 
produce any alteration in their refpeflive appearance. As mined, 
we feldoin have an opportunity of feeing exhibitions of co- 
lour of this kind, and it is not eafy to arrange fuch at will, no 
experiments have yet been made on their contrails. The 
fuhje,6l, however, is well worth fiudying, ^ 

As to compound colours, and fucli are alroofl all tbofe ofits e/H pjo- 
natural or artificial fubilances, as our author fliews in the 
K'Murfe ot Ins paper, the new colours exhibited by contrail arc colour the r*yt 
always conformable to the tint that would be obtained by ahl- 
Itracting from the colour proper tO one of the lubftances the with it. . 
rays analogous to the colour of the o»her. 

Thus if wc place on red paper a Ihp painted orange-colour, Orange on red 
the latter will appear nearly yellow: on ‘’the contrary, the 
fapie drip placed on yellow paper will appear, neaily red. If yellow, red i 
w^e place.it on violet q^aper it will refume a ytdiowifli tint, on violet, ycl- 
but different from the former ; and lafily, on grocn papef an- 

\vin appear reil, but'in a ditTefent degree. oth« red ; 

Voi., XII. — October. 1805 . I The 
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Vecauftf crangc "i iio v \|)laiurK)n o{ tluife inrtauccs by the rj-Ie propofud is 
layTbutl'u'^ Tuppole tlic orange-colour of the litiie ftrip to b(j 

compounded of all the rays cxecpl blue, which is commonly 
llie cafe. 


Coiitraft modl- 
fial by circum- 
ihnccs. 

Degree of light. 


Many t inlrafts 
at oiuc. 


invfeaicJ 
by flight fatigue 
•f Uu c*y«< 


But not hy cx- 
ceflire. 


CLii-’ur on the 
refini af^ti cx- 
pjiuie t ) llrong 
notfri>ni 

COULiftit* 


BuffonV :irci. 
dental coJou. •. »n 


coloured fhadowg 
vt the lime na- 

t j;t ; 


A multitude of combinations of colours placed upon 
one another, bring out Ihc coloui of coiilraft tndt;^ated by the 
rule above laid dowt ; but tlu^re arc feveral cirCulTniances 
that render the cflFedl more liriking, or modify llte refuU, 

Sometimes it depends on the degree of light by which the 
colours arc obferved. They may be illumined uniformly, or 
Ibmc more tlian others. The quantity of light entering fimul- 
tancoufly into the eye from the wliole field ot view, has likc- 
wife its iiiHuence. If the colours form fcvcial furroonding 
borders to eacii other, as a ferics of circles tlecreafirig in lize 
and placed one upon another would do, tliey will a6l reci- 
procally on each other. At every junction llicre will hi^n 
each fide a border coloured by the cojiiraft of the adj||j 
tint. Thefe borders will be of greater or lefs ext€i| 
proportion to (he brightnefs of the colour. The efle;^ 
iingle one may be fufiictent to deaden or annihilate 
reft. 

The colours of contraft will appear likcwilje with great^ 
vividnefs after havdng obferved them a few^ moments, or if the 
coloured lubftanccs be (liaken a little, fo that they may pafs 
liowly over the retina. Jt feems as if a certain fatigue of the 
eye, either inftnntaneorfly v^ ilh regard to the intenfity of the 
light, or more llowIy by a prolonged vifion, concurred to 
produce the appearances in quell ion. But an cxccftive fatigue 
of the organ w^ould produce a degeneration of the colours be^ 
longing to another mode. 

We ought not Ihcrcibre to refer to contraft thofe impref- 
fions mentioned by Alpiuus, which are propagated in the cyin 
ivith a certain duration, and a particular period of lints, wdien 
w'c have looked ftedlaftly on a very biiliiant light, as that of 
the fun. 

But the colours termed by Buft'on accidMal, on which 
Scherfer ha^ written an’ inlerefting eftay, belong to the clafs of 
contraft s, or at leaft conftantiy obferve the fame law^. , 

Coloured JJiadom are another phenomenon of the fame kind. 
Count Kumford has cftablHlied this fa£i beyond quellion in 

two 
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WO eflays, wli|;re he has treated the fubjcdl in a very pleafing 
manner.* 

Mr, Prieur thinks that thofe appearances of the folar light h’ght 
received through a^hole in a coloured curtain, which CJcMieral 
Meufnier ha-^ remarked on account of their fingul.irity, are Min; 
alft^to be q/cribed to contrail. With this too he adimilates^^P^b? 
feveral cafes of colours difplayed by opals, or, to fpeak more 
gencrall), by bodies includAig perceptible opake parts clilfe- 
minated through a tranfparcnt fubdance. In the fame way on paper 

he explains the colours under which the grayitli duft collected 
by age on papers, or on coloureil ftuffs, appears ; and he and biuenefs of 
draws the fame inferences with ivfpedl to the blucilh appear- 
ance of the veins of the human body. 

He hkewife propofes a new method of rendering (he colours 
of contraft very (enfiblc, more fo than even by the known 
procefs of accidental colours, and neverthelefs without occa- 
fioning any exiraordinary fatigue of the eye. Tliis Kill circum- 
fiance is of no tniall conreqiience, for every one mull be aware, 
that fo delicate an organ cannot be drained by over exertion 
without danger. 

This method confills, the ohferver being in a room wdlh a Method of r<*n* 
good light, in placing againll the window the coloured papers, 
on which he means to obferve the contrails in tiie manner above 
mentioned. The coloured paper ferving as the ground wdll 
then polTels adegree of Icmitranfparency, while the little Hip of 
a dlflcrentcolour placed upon it is more opake, and in the 
fliade, on account of the double Ihickncfs of paper; thus 
the colour produced by the contrad is rendered much more 
flriking. 

From this arrangement loo refults (he fingularly flriking Slip of wMfle 
clloCl of contaft of a little Hip of white paper applied fuc- 
ceiTiv'ely on paper, glafs, and cloth of a given colour. When gUf»> &c. 
the iranfparent body is red, the opake white appears Ulueilh 
green; if the ground be orange, it is decidedly blue; on a 
yellow ground, a kind of violet ; On a crimfon ground, 
green, &tc.; always correfponding exadlly to the complementary 
colour^ 

On this it mud be obferved, that, according to the rule al- Explan uion. 
ready mentionedi if we abdradt from while, which is a com- 

♦ See his Phllofophical Works, Vob L p. 319, and following. 

J 2 pound 



115 (iOTTSIDER ATIONS OT^ COLOURS^ 

pound of all the coloured rays, the red rays fot example, the 
remaining pencil ought to appear a very pale bhieidi green : 
but, as in the experiment above ihe little white flip is in the 
ihade, the black hence ariflng may be of a proper degree to 
deftroy the effecl of the v\hile, and then the blu^fli green ap- 
pears of a lively lint. Tite fame rcafoniilg i>: applica^ tc the 
cafe of all the other colours. 

Reflc£lcd light To obtain the full eifecl in repeating thefe ejtperiments, we 
muft be avoided. care, while procuring a favourable light, to guard 

againft Ithc reflection of adjacent bodies, and againft double 
coloured fringes. Thus when the bright light tranfmitted 
through the window furrounds the tranfparent paper, it may 
very fcnfihly augment the briglitnefs of the colour of con^ll, 
or injure it by introducing another tint, according to the 
How. of the body under obfervation. \Vt^ have it always M Bihr 

power, however, to get nd of this rupcrcompofllion, by 
a piece of black cloth or pafteboard to malk the objed^Pius 
incommvHied, oi b) looking through a blackened lube fd as to 
coniine the field ol vifion to (he ncceirary extent, 

Ufeful in the This knowledge ol contraft may be ul^dully applied to thpe 
arts, which arc cmpIoNcd on the tuhje^^ of colours. The 
painter is aware, that it is not a matter of incHflerence what 
colour is placed near another: but v^hen he is acquainted 
with the law, to which their adlion on each other is (ubjc^led, 
he will know belter what toavoicl, and how to dilpofe his tints 
fo as to heighten the brilliancy of tliat which lie vvilfies tp bring 
forward. Cnntiafllng them together in fucccliion likewife 
affords us valuable indications of their natuie and compoiition. 
This (he author himfdf has put in pra6tice with advantage in 
his manufadory of colours a'nd paper-hangings. 

White appear Thefe confiderations on contrails led him to the examination 
lourra^bod^ ^ fiogular cafe, which Mr, Monge has mentioned and 
' through gi Us of treated with his ufual fagacity *, This cafe is the white ap- 
thc fame hue. pcaranoe, which a coloured body Ibmcun.es exhibits when 
viewed through a glals of the fame hue. There remained 
fome uncertainty relpeding the circumflanccs adually neceflfary 
for producing this eflvct : thefe our author determines by par- 
ticular experiments, and he enumerates thofe which have a 
favourable influence or the contrary. His con-lufion is, that. 


« Annala dt Ciintifi III. 
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when we havJ the pctrception of whitenefs in tliefe it is 
owing folely to the udiop. of contrails, by which the inipret- 
lion of Uie colour is dea len'cJ or annihilated ; while that of a 
certain decree of hrightnes Hili fuhiiiis, and is noticed I'rom 
lheoppofiiio .1 of a gicaler degree of oblcurily. This manner New definitloa 
ofVoniidering the fubjed leads l(» a new definition of whitencli whitaid'i* 
which has cerlaiiily nollnn*^ in it ineonliltent : w/iUt is unih 
reffte6t to us the fenjatum of light, when no purticulav colour pre- 
dominates in it, or is furem cd in it. 

In the fubfequent part oi Ins in^*moir our author particularly Further fubjedt 
coniiders the coluanng of Jdleient opakc and tranfparent 
bodies; that i'' to fay, he inquires what aie the lutmnous rays 
which a given coloured body is really capable of reliedVmg 
or tranimiuing- 

His method ol’ making his experiments is fimple. If the Mrthod of 
fubftance be opake, he places it on a piece of bUek cloth, ” 
and obferves it with the piil n. If it cannot l>e cut fo as to 
rciluce it to a rectangular ligiirc, he covers it with a piece of 
blackened pafleboard, in va hich there is a rertmgulai aper- 
lure. Under thefe ureumllanccs the cokt:f<.‘(l tiinges dif- 
played on two oppodle. liclej^ indicate the kind ol ia)sretle6l- 
ecl, and confequenlly thole abiorbed when we know’ the 
naluieof the illuininatirg pciicik jQn which we have (arllier 
lo lemark,, that, as the tnnges are themlelves compound tints 
the liinple tints lha! eompofe them mult be difcriminaled. 

Their inlpcdion luHices an experienced pcrion for this; but C impound tints 

the habit is to be acquired, and its place* iiipphed, by taking 

for a guide papers reprclenling each fpo* le*. of rays, placing How. 

them in their order one upon another, and drawing them back 

in gradation conformably lo (heir ditference ot refrangibriily ; 

or we may ulc a table conftiucted alier Newton's method for 

determining the compound* lints ol levtoal dem^ nlary colours. 

If the body to be examined be Iranlpareiit, the aperture in Method of 
the palloboard jiill mentioned will ne well adapted lo cover it 
when placed againll the light, fo that the pnim may exhibit 
fringes on it. Or, if the ubferver place hiiuielf in tlie dark| a 
light, as that ol a candle, will exhibit through the iraiilparent 
fubflance, by the alTi (lance of the prifm, a feries of coloured 
images cprrefponding tonhe rays traid milted. 

Making liis experiments in this manner, our author difeover- Col ours of 
cd that Icveral opake hbflances which happened to be at 

hand, forpiion. 
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hand, of various nalures and of all colours, wficlhcr j’ellow, 
orange, red, or green, blue and violet, owed their coloured 
appearance to ihe following laws: 1 ft, each of the bodies 
always abfoibed the ra>s that were complemcn,(,:j^ to the pre- 
dominant colour: *2(llv, in foine the abforplion included, be- 
tide the complfnienlary fpecics, otJiers collateral to fliis 
fjK'cies, and more or kf> i)uin>!foiis ; 3(Hy, the deeper a 
colour is, (he fewer Ipecies of rays it refledt**. 

Jt is to be underflood that mixed colours are not here fpoken 
of, but only tliofe that form a homogciieal compound, or a 
true ambinalion, in the fenfe in which chemifts ufe this word. 
Nor mufl tnc colour reflected from the interior of the molecule^:, 
fufceptible of light or deep tints, bt; confounded with the 
light refledlcd from the anterior iurface of bodies : and though 
(his mixes more or lefs wi(h (he pioper colour, it is cafy to 
diniiniOi its cflec^.s, and difciiininate (hem in the experiments. 

/snotl er remark proper to be made, is, that the expreirion 
pred‘)mtiia>if colour inuft not be fuppoled to imply, that the 
ra)s of this colour are more abundarit than the reft, which 
wcHild be a rniftake. Several Ipcclos of rays may exift lo- 
gether in the pencil producing tlu* colour, wdthout any one 
fpecies being for this reafon more abundant. Slriclly fpeak- 
ing, all the elements of the pened aie diffimilar ; and con- 
fecjuently no one exifts in it in greater quanlity. But (he 
general tone of colour remains analogous to that of the rays ' 
ftyled predominant ; for w^hich reafon it is wcdl to retain the 
lerm, piovided it be not taken in an exaggerated fenfe, 

I'he author has likewife obferved tranfparent bodies, fuch 
3 $ coloured glaf') of different forts, and liquors contained in a 
bottle with two broad parallel Tides. For thefe he found the 
fame law of abforption as for opake bodies, but ftill more 
marked, and free from all doubt. 

This law IS conftant and regular. It depends on the nature 
of the body receiving (he light, its denfity, and its thickiiels. 
It is likewife modified by the inlcnfity of the light of the il- 
luminating body, and the kind of rays that compofe this, 
light. 

I’hc abforption always commences with the rays moft 
oppoflle lo the predominant colour of Ihe body illumined, it. 
goes on to thofe wdiich corhe ntxl in the fpe^lriim ; and tliiu 
proceeds regularly from one order rays to the next m iur- 

ccilh'ii, 
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ceiBon, nev^ by fils, lill it readies the laft. In confequcnce 
the body grows darker and darker, and always linidics with 
becoming bfeck. Sometimes it extends only on one lide from 
the rays iirlt ^bjorbed ; at other times on both tides at once, 
and either with equal pace, or mure rapidly on one tide than 
oh the other. 

If we vary each particular that affeefs the experiment fepa- Chjnjrc of cir- 
rately, we fha/l have a di/b'nct progre/lidn of refu/ts. That 
depending on the denfity of the fubflance is not always fimilar 
to that ariling from change of thicknefs. In receiving light 
of different kinds too on the fame fuhffance, the progrefs of 
abforption is differently raotliticd, and confequenlly the colours 
changed. 

Our author adduces In/lances of all thcTe cafes. He takes 
them from the numerous experiments ho lias made with 
coloured g la fs, acid, or alcalinc folutions of metals, and fluids 
tinged by the infufion or dccoclion of vogetab!o tubflances, 

Thefe exhibit curiou.s parllrularities, but wo (hall not here 
relate them, both hr the fake of bic*vity, a /l becaufe it is 
eafy for any perfon lo ohferve them, wiic.i oitcc the track is 
pointed out. 

From all thefe obfervations taken together, many very im- W to the 
porlant confequences re ([le^ing the reciprocal action of bodies 
and light on each otiior are drawn; and perhaps at fome 
iiiiure period they will (end to elucidate iho grand (jueflion 
concerning the caufe to which their permanent colours are to 
bt: aieribccl. 

After thefe hints, the author dedicates a concluding para- C 'lour of bodice 
. graph to the examination of feveral plicnomena uf diflbrent 
kinds. He points out the modifications that coals heated to candcfconu* 
diflerent degrees of incamU-rccncc undergo in llicir colours. 

His remarks apply to other fubltances likewife, as iron in tiie tamps teen 
fiate of ignition, a long roiv of lanqis with reverberators fecn \hr«Tilh * * 
through a fog, or a wiiilc light feen through a glafs blackened fmoaked gluls, 
by progreliive applications of (moke. In all (Iiefc calcs Uie 
colours ncceflarily nafs through a (erics of tints from white to 
.yellow, orange, and red of a deeper and deeper lliade, the 
, reafon of which he gives. 

Metallic •xides too have a gradation of tints, according to Colours of me- 
their proportion of oxigen. A certain coiuinued change in ^ 

vegetal tun ihc oxigen. 
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eONStpEEATIONS pK COLOURS* 

vegclalion produces the fame efFeCl on (ooie p^rL ol plants. 
The arts and cliemical proceffes exhibit the lame in a multi- 
tude ot circumftances. 

Hence the inanufaClurer may derive wilh^aclvanlagO-indica- 
tions either of the progrefs of combinalioKR,*^tii^«5i the proper 
inflant lor executing certain parts of bis operations, 

Our author next enters more particularly into the appear- 
ance of coloured clouds, parlicalcJirly thofe we fee about the 
riling and felling of the fun. This phenomenon fo generally 
known, had hitherto remained without explanation, though 
this had been attempted by njatural philofophers of the firft 
rank. 

It is not owing to the refraflion of the folar rays, but to the 
fucceflive abforption ot them, when they (Iriko on the inferior 
parts of the atmolpliere, which are mou; Ina.iocl with vapour. 
This abforplion lollows laws analogous to ihofe already men- 
tioned. The quanhty of vapour's, and even ilieir nature not 
being the lame eveij day, pioduce correfpomling difldrences 
ii> thCMT 

Conmnonly the firtl rays allacketl by llicTe vapours are the 
blue adjacent to the violet. Soon after they attack the con- 
tiguous rays, gaining will) nioie ra[>i(iify the blue properly fo 
called; then the green, thti yellow', and thus proceeding to 
the red. Hence the yellow ifh, orange, and red colours 
exhibited by the clouds. This period of tints, the evening 
for example, difplays itfolf gradually as the fun approaches 
tlie horizon. The fume hues tinge terreflrial objeds, the part 
of the air nearert the fun, and this luminary ilfelf. According- 
ly when we can receive its rays on a prifm, we perceive that 
the rays adually abforbed currefpond to the general tint of 
the moment. 

From the fucceflive increafe of the vapours traverfed by 
the light in thicknefs and denfity, it follows likewife, that at 
the fame inffanl clouds difFercnlly placed mufl: be clothed in 


Blue and green 
/hadows, 
ewing CO con- 
ttaft. 


ditTereiu hues. The highefl may be white, while others not 
fo high are yellow, and others ft ill low'cr proportionately more 
reel. At equal elevations thofe furthclt from the point where 
the fun fets will incline to red, and lliofe neareft it to yellow. * 
We may them fee blue or green (hadows on bodies naturally' . 
white, as Buffon and other philofopliers have obferved. Thete, 
as has been Gild, are nothing more than the effect of contrail 

between 
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betweeA^lil j6lual colotir of llie part enlightened, and that 
of the parK iirfliade. 

Conlralii^nay Iikewifc render the colour of the clouds com- Contrafts affcft 
plicated, as K)r ir^ltance, when a great portion of the flcy dif- * 
plays its blut^^'ri^ir There aie tome clouds, the colour ot 
which ariles faJcly from this caufc ; and tuch may be fecn at 
limes in die middle ot the day, when we have a lofty moun- 
tain at our back, or are in'aiiy other litualion where the eye 
is delended from Oie too powt .'ul action of the folar light, 
either direct or refleCled ; but in this cafe the clomls have 
only a yellowifh tinge, preciteiy the complemcnlarv colour 
ol Ikv bhie. 

Sometimes we fee the moon of a fimilar colour, when The Mooa# 
it IS ver) liigli, a little before or alter the fun palfes the 
the horizon: laiiher it appears thus, or even completely 
\v!i;(e, when clouds varioutly coloured by the vapors of fun- 
lei or fun-fj.e cxdi in the an at the fame time. From this 
coiuMii fence of circumlLinces we have a luiw pi oof of the 
ci.;terence ofcaiifosto vvhicli tliele colours aie ow ing. 

J/diiy let u.s Fi-marL, lliat fiom the ffregulant) of tlie earth’s 
t.:ir.;ce, and of tlie liato of the atmolpliere, the phenomena 
oie iiji)!e to be concealed or fubjected to various interruptions. 

In our climate die colouring of die clouds feldom readies its 
lull iiagi*. On (ome evenings liowever, when the Iky is very Red clowdf 
clcai toward the part wiiere tlie Sun lets, while light clouds at 

float very high over our heads, we fliali fee ihefe at a fub- 
feijuenl period appealing of a very light red, Iieighlcned by 
the diminution ot light on the earth, fuun after obfeured, and 
at lengd) becoming extind in lliadc. 

Conclufiim^ 

Nolwdtliflanding the many beautiful difeoveries already The theory of 
made refpeding light, the theory of the piodudiop of imper- , 

has not yet attained a degree of generalization that renders 
it applicable to all cafes, or (hat ^fimplicity of principles to 
which we are almoft always led when we have difeovered the 
real laws of nature. Many phenomena have eluded ex» 
planation, and that given of feveral requires corredion. Our 
Author has pi^opofed to eflabiifli alterations in the theory, the 
neceflity of which he points out. He lupport$ his principles 
partly by the dodrine^aud facts generally admitted; partly 

by 
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by others lefs commonly known, though of ancfenl .latc; and 
Jaftly by obfervaiions of lu-? own. He is far frc.ii flattering 
himfelf, however, that a fketch like tlie prefenj' exhibits the 
matter in a faiiable light ; and was fbon awfarc^that a fubjed 
io extenhveand fo complicated required maturer labours. 

To fill up many gaps, unlold various jviints, and corr^d 
and extend others by faither refearcli<\s, new cxpciiirients; 
and profound refledions, is an ample field of improvement ; 
and this be will attempt, u his powers and bis leiiure will 
permit. 

It would likcw'ife be uferul, as well as jufi, to give at the 
fame time an abflrad ot what we owe to the genius of the 
great Newton, who opemed llie career in fuch an admirable 
manner, and to I hole philofopiiers who have difeoveivd new 
lads, or removed difficulties. Creaier prccifii'n alfo lliould 
be introduced into the language whith we emf»Ioy refpi ding 
colours, prop<>rtionate to the iucreufe of our knowledge, and 
the actual ftate of the arts and kienec'. Lafily, in a fubjed 
like tfie prvlent, it would not be loo much to add the relources 
of algebra and geometry to lire IrcMf'.se- of experiment, and 
if pofllble lotlic advantages of a belter melliud. 


X. 


Hrpm'i made the Phjijlcal and ^Idihematlad Clafi of tht Infci,^ 
tute in An/iccr io the ’Jtiuejiion, whether thofc jXffinufadoric'i, 
from zLluch a d/fagrccublc Smell atifes, muj/ prove injuriomto 
JitaUh. Head in the Sitlinir of January y 180.>, by Afrjj'rs, 
Guyton-Mokveau and Ciiavtal.* 

TThE miniflcr of the bome.deparlment has confulted the 
cls^ on a quefiion, the folution of which is of effential import 
to oiir manufadurers. 

The objed is to determine, whether the vicinity of certain 
xnanufadories can be injurious to health. 

The folution of ibis problem mull appear of the more con- 
fequcnce, as, from the confidence which the decitlons of the 
Inftitute naturally merit, it may hereafier form the bafis 

♦ Tran dated from the Annales de Chmie^ voK LIV, p. SG, for* 
April, 1805. 
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decifion^n t\ court of jiiflice, when fentciice is to be pro- 
nounced bltwcien I lie fate of a manufadory and the health of 
our fe!l(>vv-^*^(.;ns. 

The mncli the more important, it is become fo 

puch the more iiercdiir)', as the fate of the nioft ufeful e/ia- 
blithments, I will (ay more, the cxiftciicc of many arts, has 
/depended hitherto on fimj^le regulations of police; and that 
foine, driven to a diftance from materials, from x^'orknun, or 
from confinriers, by prejudice, ignorance, or jealoufy, conti- 
nue to maintain a diladvanlageous druggie againfl innumerable 
ob/lacles, by wiiich their growth is* oppoted. 

Thus we liave fecn inaiiuta»5lories oi acids, of fal ammoniac, Manuf.i^ojiea 
^of Prufllan blue, of beer, and td' leather, fucceflively baniQt- 
ed from cities; and we dai'y fee appeals to aiilhoriiy againft 
ihefeertablinnrjcnis made by troublefome neighbours or jealous 
rivals. 

As long 3<‘' ihefatc (jf (le fe manufaflorics is inrt‘cure, as long Disadvantage of 
as an arbitrary legitlation potl'eires a right to inlen upt, fufpend, 
or fetter the hands of a ruanu faff tire; in a urn I, long as a 
finiple inagifliate ol police has at Jis nod tiie iortune or ruin of 
a manuliulurer, iiow can we conctive, tlpl he will be fo im- 
prudent us to engage in undertakings of fuch a nature? How 
could it be expeffed, that munufacluring indulfry (bould efla- 
blifli itlelf on fuch a frail batisr d'his (late of uncertainly, this 
continual conteft be! ween tfie manula£lurcr and his neighbours, 
lliis perpetual df'ulit lefpecling ibe fate of an eftabliflimeni, 
paralyfc and coutine the efforts of the manufadurer, and gra- 
dually extinguifli both his eourage and bis powers. 

It is an object of primary neceflity therefore to the prof- 
perity of Ihe arts, tlial lines fliould be drawn, fo as no longer 
to leave any thing at the arbitrary wdll of the inagiflrale; to 
point out to the roanufadurer the circle in which he may exert 
his induflry with freedom and fecurity, and to a (fare the neigh- 
bouring proprietor, that he has nothing to feai for his health, 
or for the produce of his fields. 

To arrive at Ihf folulion of this important problem, it ap- 
peared to us indirpeniable, that wo fhould lake a view of each 
of the arts, againft which the moft clamour has been ralfed. 

With thN view we ftiall divide them into two clafles. The Clafliftcmon 
firft will com|)riie all thole, the proceties of which allow aeri- 
form eniauations to ef*apc from theiu into the atmofpbere, either 
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io conrc‘<]uencc of putrefadLon or fermentatioii, maybe 

(leoniixl imifanccs from thoir faicil, or ‘dangerous Moin iheir 
t'fTecls. ' 

The fecond clafs will indado all Ihole, the artift, 

operating by the aid <jf fire, dv velopes ami ex ol^es in :\.v or 
vapour various principles, which are more or ]e!s difag; enable 
torelpire, and reputed more or lefs injurious lo healih. 

In the firft clafs we may advert to the fleeping of llax and 
bemp, the making of catgut, tlanghter-houfes, ftarch-inanu* 
fa6tories, tanneries, breweries &i-. 

In the fecond, the diiliilation of acids, of fjiirils, and of 
animal iubflances; gilding on metals, preparations of Jead^ 
copper, and mercury, Ric. 

Tlie arts of the firll dais, eon frlcMod in relation to the health 
of the public, merit particular aUeaUion, bf-CHwrellu* emana- 
tions that proceed from fermcnt ition or j)jtrc{actu>n are really 
injurious to health in fomc cafes, and irdcrt eilam cifcuin- 
flanccs : the ftcoping of flax and h rnp tor iiirtutiic, which is 
performed in ponds or it ill waters, iijfc^l'= the air and kills 
lilhes; and tlic difealcs lo whidi it Jpves rife are all known 
and defcribexl: Accoidingly xvife regulations have almoft 
every w'hcre enjoined, that this t/peration Hiould be car- 
ried on without the prerinds of towns, at a certain tliftance 
from every dwelling, and in waters, the fifli of which confti- 
tute no relource lor the public, 'fhefe regulations unqueftion- 
ahly ought to be continued; but as the execution of them is 
attended with fome inconvenience, it is to be witlied, that 
the procels of Mr. Brale, the fuperiority of which has been 
confirmed by MefTrs. Mongcz, Herlhollct, Tefiier,and Molardj 
flioulif^ fopn become known and adopted. 

Other operations on vegetables, or certain procluds of ve- 
gie^bii^n, to obtain fermented liquors, as in breweries; toexlrad 
cdtotxrs, as in the manufadures of litmus, archil, and indigo; 
or to diveft them of fon^ie of their principles, as in manufac- 
tories of ftarch, paper, &c. do not appear to us of fuch a na- 
ture as (o be capable of exciting any difquielude in the mind 
of the magiftrate. At all events (he emanations arifinjf from, 
tbefe fubftances in , a ibw of fermentation can prove dangerous' 
only near tlie veffels and apparatus in which they arc con- 
fined, ceafing to be fo the moment they are mingled with the 
open air; fu that a little prudence only required, lo avoid all 

danger > 
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danger (|iem. Bt'fides, the danger afiefts only tlic ma* 
nufa£lurerAlliemrelves, and by no means tbe inhabitants of llie 
lie ghboiirii?!^^ *^oufes, fo that a regulation enjoining Ihefe ma- 
nu.aclorie's toj^^neinoved out of Um ii', and to a diflance from 
^\ny (iweMing-l\ou1e^ Would bo an ad of authority both unjuft, 

^xatious, and injurious to the progrofs of manufa£tures, and 
jn no refpecl a remedy lor the evils attending the operation. 

Some preparations extracted freim animal fubfiances require Catgut# 
tbe putrefaflion of thefe fuhnanccs, a? in the fabrication of 
calgiit; but it is more frequently the cafe, that animal fub- 
ftances employed in manufadures arc liable to piitrcfadion from 
being kept too long, or expofed to too great warmth, as we 
particularly find in dyeing cotton red, a procefs in which a Dyrlug cotroU 
laige t|uaiiiity of blond is employed. The miafmata exhaled 
by thef* putrid matters fpreacl far round, and form a very dif- 
agreeable iitmofphefe for all the ncighbourh.fod to breathe; it 
e: the purl of a good govormneiil, therefore, to caufc; ihcfe 
iuhftanees to be renewed ib as to pievent puJ v"'. Ton, and 
the inarm ladory to b<! kcjit to far clean, lha< :v> refute of the 
animal fiibltances employed (hall be left to loi in tlv m. 

In this laft point of view llaughtor-lioules exlnhil fome in- Rl-iugbtcr^ 
conveniencies; but they are not offullicient importance to re- 
quire them to be placed wilhout the precinds of towns, and 
alfembled together in one fpot, as Ipeculalivo men are daily 
propoting to goveninieiU, A little attention on the part of 
the magitlrate, to prevent butcher> from throwing out the blood 
and refufe of the bcafts they kill, would be futficient to remc4y 
completely cveiy thing dlfgufiing or unhealthy aiifing from, 
flairghler-houfes. 

Tbe fabrication of (nigbt-fi*il dried) begins to. be Poudrsttc# 

eflablifiied in all the large In.vMis of Fiaiie(*» and the operation 
by which excrementilious fubftances arc lediiccd to this ftale, 
neceffarily occafions a very difagrecablc fraell for a long time« 
Efiabliilirnenls of (bis kind therefore ought to be confined to 
airy places, remote fro n any habitation; not that we confidcr 
Ihc'aeriform exhalations from them as injurious to health; but 
no oite can deny, t lat they arc incommoding, noifome, dlf- 
kgteeMe, and diirieult to breathe, on all which accounts they 
ought to be yemoved to a ddiance from the dwellings of meA. 

There is a very important obfcrvalion to be made on the Animal putre- 
Ipontal^eous dccompofition of animal fubftances, which is, 

' ous only in pro- 

^ that portion to its 

humidity. 
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that the emanations from them appear to be fo lefa 

dangerous, as the fubtlances wbitlj undergo putrcladUbn are left 
humid: iu the latter cale, a contiderable quantifyj>^ carbonate 
oi' oinnionia is evolved, which imparts its predQ|'^ mant charac- 
ter to the Ollier mailers volatilifed, and cori;5rrnoebad eifeflsy 
of fuch are deleterious. Thus the decompolllion of fler** 
coraceoas matters in the open air, and in places the iituation 
and declivity of which allow the ftuids to drain off, and that' 
of the refute ot the cocoons of the filk-worm evolve a vaft 
quantity of carbonate of ammonia, which corrects the virus 
of fome other emanations; while the very fame fubllances, 
<?ecompofed in water or drenched with this fluid, exhale fweeU 
ifli and naufeous mtarmata, the refpiralion of which is very 
dangerous. ‘ > 

The numerous arts in which the manufadturer produces and 
diffufes in the air, in confequence of his procefles nntl by the 
help of fire, vapours more or lei's difagreeable to breathe, con- 
flitutc the fecoiul clafs of thole we have to exanune. 

Thcfe, more interefling than the former, and much more 
intimately connected with the pror[)erity of our national in- 
duftry, areflill oftener the fubjed of complaints brought be- 
fore the magiftrate for deciiion, and on this account have ap- 
peared to us to require more particular attention. 

We will begin our examination with the roanufadure of 
acids. 

The acids that may excite complaints of the ncighliours 
againfl their preparation are the fulphuric, nitric, muriatic and 
acetous. 

The fulphuric acid is obtained by the combuftion of a mix- 
turC'^af fulphur and nitre. It is very difficult in this procefs to - 
pravant a more or left obfervable fmell of fulphurous acid 
fr^ being diflufed around the apparatus, in which the com- 
performed; but in manufadories Ikilfully conduded 
this fmetl is fcarqely perceptible within the building itielf, is 
not dangerous to the workmen who refpire it daily, and can 
give no reafonable foundation for complaint to the neighbours. 
When the art of making fulphuric acid was introduced into 
France, the public , Qpiiiion was flrongly exprefled againft thCi 
firft eftabliflim^ts (or the purpoi'e; the fmell of the match 
with which we kindle our fires contributed not a little to ex- 
aggerate the effed tliat mull be produced by the rapid com- 

2 buftioii 
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WflionWifeveral hundred weight of brimftone; but menU 
fears on i^s ilead are now fo much allayed* that we fee 
veral oi manufadorics profper in peace in the midfl; of 
our cities. ^ 

\ The di(liIlfiH!iiiM>r aqua forlis and fpirit of fait, in other Aqua fords «aA 
ords, of (he nitric and muriatic acids, are not more danger- 
ou!i than that of fulphuric acid. The whole of the procefs is 
.^^^erformed in an apparatus^of glafs or earl hen- ware, and it is 
unqueHionably the great inlcre/l of the manufad'turcr to dimi- 
nidi the volatilization or lofs of the acid as much as potlible. 

Yet, Jet him pay whatever attention he will to this, tltc a.r 
breathed in the manufaSory is always impregnated with the 
fmell peculiar to each of ihefe acids; but you may refpire there 
freely and fafely, the men who work in it daily are not at all 
incommoded by it, and the neighbours would be very much in 
the w rong to complain. 

Since the manufaclories of white lead, of verdigris, and of Vinegar, 
fugar of lead have increafed in France, the demand lo; vine- 
gar I)as been enlarged. 

When this acid is diftiilcd, to fit it for fome of tiic purpofes Dlftillcd vine- 
for which it is ufed, it diflufes to a diftance a very flrong fmell 
of vinegar, in which there is no danger; but when a folution 
of lead in this acid is evaporated, the vapours afiume a fweet- 
iflT character, and produce in thofe who refpire them conftanlly 
all (he efiefts peculiar to (lie emanations of lead itfelf. Hap- 
pily tlieic efleds are confined to the people who work in the 
manufadoryi and are unfelt by thofe who dwell in the vici- 
nity. 

The preparations of mercury and of lead, thofe of copper. Mineral ^\t> 
antimony, and arfenic, and the proceires of gilding on 
are none of them without idme danger to the perfons who re*» 
fide in thofe man li factories, and are concerned in (he opera<i'; 
lions; but their effeds are bounded by the w'alls within which 
they are carried on, and arc dangerous only to the perfons 
concerned in the rnanufadories. , It i^ an objed well worthy 
the attention of chemifis, to invelligate the means of prevent- 
ing thefe injurious efi'.ds, and indeed malty of the inconveni- 
weies have already been prevented by the help of chimneys, 

.which convey the vapours into llie air out of the rcacli of ref- 
pirationt aoJ at prefent the whole attention of adminifiralion 

ought 
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ought to be confined to directing fcience toward of 

improvement of wliich thefe procefles arc ftifcej^tib^^ vvilh re- 
gard to health* ^ 

The fabrication of Pruffian blue, and the of car- 

bonate of ammonia by the ditlillation of atTUSSr fubflances iri^ 
the tiew’ inahufaflories of fal ammoniac, produce a larg4 
^uanlily of fetid vapiiurs or exhalation*;. Thefe exhalations^ 
it is true, are not injurioUN to heallli; but as it is not fufficient 


lo conftitnle a good neighbour, not to be a dangerous one 
merely, but not even lo be a dtfagrceable one, they who un- 
dertake fuch manufadures, when they have to feek a (ilualion 
for them, fliould prefer one remote from any dwelling-houfe. 
But w'hen fuch a manufadbry is already eflabliOicd, we would 
be far from adviting the magitlrate to order its removal: U 


would be futheient in fuch cafes, to oblige the manufa61urer 
build very high chimneys, that the dilagreeablc vapours prdw 
duced in thefe operations raav be dilTipated in the air. This 
particularly pradicable for the fabrication of Prutlian blue, aipP 
by ado})ting it one of our number has continued to retain m 


the midtt of Paris one of the rnoft important manufadorics of 
this kind We have, againti: which the neighbours had already 
leagued. 


In the report we fayjbefore the clafs we have thought it our 
duty to attend only to the principal manufadories, againft 
which violent clamoiiM Kaye, been raifed at divers limes and 


places. It is ebfy to, foe, from what has been faid, that there 
are but few the vicinity of is injurious to health. 

Caution to Hence we cannot too Urongly exhort thofe magifirates who 
xna^ftrates, havc health and fately pf the public committed to their 
tn difregard the unfounded co^mplainls, which, Ido 
fo»]d^nt)y brought againft different eftabli foments, daily threat- 
the profperity of the Honeft manufad.urer, check the pfo- 
induftry, and endan^r the fate of art itfelf. 

They fhouW not The magift rate bu^t tb be on his guard againft the pro- 
liften too readily ceeditigs of a reftfoGl'^Pfr jcalous neighbour; he foouUl carefully 
apiont nts. (jjflingyifji vtfoat i9 only difagrebable or inconvenient from wh^t 
is dangerous or ipjurioujpj he foould recoiled that tSfe ufe of 
pit-coal was long under the frivolous pretence thaV 

it was injurious Ib'hdSfth; in foort,,he foould bfi fully aware , 
of this truUi, that, by Irftening lo complaints of lliit nature, 
tint only w^ould the cfiablifoment of foyeral nfeful arts in France 

be 
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be prevetti((^, ^but we (hould infenfibly drive out of our cities 
tlie farrier!>\ carpenters, joiners, braliers, coopers, founders, Dlfagreeabte 
weavers, anX^iIhwliofe occupation is more or lefs dlfagreeabte by 

lo their neigljfrKjVs. For certainly tlie employments judtirne* 
i^med are more un^eafant to live near than the ntanufadorios 
mentioned above, and the only advantage they enjoy ts that 
ancient practice. This jright of toleration has been efta- 
biiihed by lime and neceflity ; let us not doubt therefore, but 
our manufaiSlures, when grown older and better kn«>wn, will 
peaceably enjoy the fame advantage in fociety; in the mean 
time we are of opinion, that the clafs ought to avail ilfelf of 
this circum (lancet, to put them in a particular manner under 
the protedion of government, and declare publicly, that the 
manufactures of acids, fal ammoniac, Pruflian blue, 
lead, wh'te lead, (larch, beer, and leather, as well as 
ter-Iioufes, aie not injurious to the health of the vicinity, when 
they are properly conduced. 

We cannot fay as much for the deeping of hemp, making Injurious mant* 
catgut, laydalls, and in general eftablifliments where a large 
quantity of animal or vegetable matter is fubjeded lo humid 
putrefadion. In all lhe(e cafes, bedde the difagreeable Imell 
they exhale, miafniata, more or lefs deleterious, are evolved. 

We mad add, that, though (he manufadories of which we ManufacpiFes 
have already fpoken, and which we have confuiered as Aot f^mc rc- 

jnrious to the health of the neighbourhood, ought not to betlri^ons. 
removed, yet adminidration (hould be requeded to watch over 
them ftridly, and confult with well-informed perfons for pre- 
ferihing to the condudors the mod proper meafures for pre- 
venllng tln^ir fmoko aiid-fmell from being dWTufed in the vici- 
nity. This end may be attained by impioving the procelftsof 
ibe manufadures, railing the outer walls, fo that the vapours 
may not be didufed among (he neighbours; improving tb^. ' 
management of the fires, which may b<^ done to fuch a point, 
that all the fmoke (hull be burnt in the fire-place, or depoffted 
in the tunnels of long chimneys; and maintaining the utmod 
cleanlinefs in the manufadories/ fo that nothing (hall be left to 
putrify in them, afud all the refufe capable of fermentation be 
hid in deop wells, and prevented from any;^iay incommoding 
•the neighboum.' 

We (hall obferve too, (hat when new manufadories of manv.rac- 
Pruffian blue, fal aiiunot}iaC| leather, darch^ or any other ar- 
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tide by whteh v’apours very ioconvenient to lhe,rfeighbouK, 
or danger of fire or explofiom are to be eftabiiflvcd, it would 
be wife, juft, prudent, to lay down ^rindpte, that 
thjey are not to be admitted into citiesi, (iear dweliing», 
v^ithout fpecial authority; and that, ir^erfon* aegled 
comply wilb this iiHiifpenfablc condition, their manufactories 
may bo ordered to be removed without any Indenniificatidii*^ 
Summary. It follows from our report, 1 ft, (bat catgut manufeflorie^, 

layftalls, fteeping of berup, and every eftabiithment in which 
animal or vegetable matters are heaped togetlier to putrify in 
large quantities, are injurious to health, and ought to be re- 
mote from towns and every dwelling houfe: 2dly, that ma- 
nofaflories where difagreeable fmclls are occaftoned through 
the ad^ion of fire,, as in the making of acids, Prutfian blue, 
and fal ammoniac, are dangerous to the neighbours only from 
want of due precautions, and that the care of government 
Ihould extend only to an adlive and enlightened fuperintend- 
ance, having for its objedls the improvement of their proceffes 
and of the management of the fire, and the maintenance of 
cleanlineCs : 3dly, that it would be worthy a good and wife 
government, to make regulations proldbitlng the future ifta- 
blifhment of any bianufadlure, the vicinity of wlxtch .ti at* 
tended with any elTeotial inconvenience or danger, towns 
Of near dwelling.'hOures, without fpecial authority prevroutly 
obtained, lii this dafs may be cornprifed the manufactories 
of poiidrette, leather, ahd .ftardi ; ibundries, mebing lioufes 
fur tallow, (laughter f warehoufes, manufactoriei* 

of Prutfian blue* yamifti, glue and fal ammoniac, potteries, 
&c* . ' ' ' 

Such are the concluftons which wc liave the honour to lay 
belsre the clafs,* and addreffed to government, with itivita- 
^; ,|t«in io make it the bale of Its deciftous* 

^ ^ Thde eojada^ns were adopted by the Inftitute. 
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JFa^$ reiative io .^^ Torpid State of the North Atnerican AUigaitor^ 

By i^ENiAMiM Smith Barton, M. D« **» 

XT has not, I think, been remarked by (he generality of the 
writers on natural hiftory, that the North American Alligator 
palTes during the prevalence of cold weather, into the torpid 
date. This however, is unquedionably the cafe in forae parts 
of the continent. 

Mr. Boffu, a French writer, after telling us that thefc 
animals are numerous in the Red River, one of the weftern 
branches of the Miftillippi, fays, they are torpid during the 
cold weather, and lie in the mud with their mouths open, into 
which the fifti enter as into a funnel, and neither' advance 
nor go back. The Indians then get upon their backs, and 
kill them by flriking their heads with hatchets, and this 'is a 
kind of diverfion for them f. 

Dr. Foftcr, the tranflator of the w^ork, obferves in the pre- 
ceding palTage, that the circumftance of the alligator’s 
being torpid during winter is quite new, v and very remarkable 
for natural hiftory.” It feems (he adds) almoft all the clafs of 
animals called amphibia, by Dr. Linnmas, when found in cold 
climates grow torpid during winter. 

In addition to the authority of Mr. BolTu, I may here Another ac- 
xnention the following fa£t, which was communicated to me Graham. 
about the year 1785, by a Mr. Graham, at that time a very 
intelligent ftudent of medicine in the Univerfity of Penn- 
fylvania. 

The alligator having previoufly fwallowed a num{)er 
pine-knots, retires to his hole, where he remains in a torpid, ki^rtsprcviou^ 
Rate, during the feverity of winter. If killed at this feafon, 
thefe knots are found highly polilhed by Ibetr trituration one 
again ft the other in the animal's ftomach, as 1 have more 
than once hear4 from men of undoubted veracity, who had 


* From ** the Philadelphia Medical and PhyftMl Joumar\ Col- 
le£ted ttsd arranged by Ben. Smith D. It is publiflied 

In half yearly Numbers, firft of which appcaired in November, 
l«04.. 

t Travels tfar«a|fh t^at of North A0cric9 faggaerly called 
Lavifiiuia. Knglilh TranAatlon, Vol. I. p. 367, London 177 
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been concert^ in the fa6t. Indeed this is fo notorious tn 
thofe parts in which thefe creatures abound, that the digeftion 
of the alIigator*s flomach is proverbial multitude, 

who deride iU iniipidity in the choice of fucAo'oOd, though, 1 
prefume, this it does inftmdlively, for feme purpofe unaccouutc^ 
for i>y naturalifts; and which, perhaps is beyond the limits of 
human ken/* 

The fa61 related by Mr. Graham, relates to the alligator of 
the Carolir.as, in which parts of the United Slates this animal 
is very common. By another gentleman I have been in- 
formed, that the pine knots which the alligators fwailow are 
generally fuch as are very abundant In turpentine. 1 have alfo 
been affured, by my friend Mr. William Barlram, that lie has 
feen a brick-bat which was taken out of the flomach of an 
alligator, and that it w'as worn quite round. 

Mr. Lawfon fays, that the alligator is nut feen to the North 
of NortlvCarolina. They are very common al Cjpe-Fear in 
latitude 34-. One twelve feet in length has been feen at this 
place. On the Atlantic fide of the United Stales I am not 
able to trace Ihcmfaither than the •• Alligator Dilmal Swamp,** 
which is between Edenlon and Newbein in North-Caiolina* 
Tlie mouth of the Red River in latitude 31. 

. Within the trad of country jull mentioned, the alligator 
obeying the impulfe of the climate, palTes into the torpid date., 
In Nodh-Carolina thia takes place about the middle of 
November, i'ooner or later, , according to the flale of the 
feafon. Whether the antmaf becomes torpid in moie Southern 
parts of the Continent, 1 have not been able to learn. On 
theTiver St. John in Eaft Flbrida/iSthey have been feen awake 
even tn the middle of winter, but it was remarked that they 
feemeUdull and (lupid. It has alfo been obferved, thattliey 
kccu domed to frequent the warm fprings which arc fo 
abundant in this part of the Continent ; and that they are 
fond of lying in thefe i^ring^ .Perhaps the heat of thefe 
fprings may be luDicidtijtto prevent tlicm from becoming torpid. 
But it mud be obferved, that a deficiency of heat is not the 
only caufe of the torpid'^opdition* of animals. ' 

It may not perhi^k'ltfe, an eafy talk to allign a faifitfadory 
caufe for the fingulaF inflindive appetite, which leads the 
;»l|jgator, before going into (he torpid dale, to fwall* w pine« 
and other femewhat fiinltaj: febfla^ But 1 ap» 
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prehend that tliefe fubfiances, when taken in by the animal^ 
a6l in fome ineafure by keeping up a certain degree of adieu 
in its ftomach) and confequenlly in every part of the fyflenit 
and thereby" pi^ents the death of the animal^ which might 
otherwife. bo dcuroyed by the Jong continued application of 
cold. Some fads mentioned by Dr. Pallas, though they re* 
fped a very ditferenl family of animals, render this conjedure 
iio! a httle plaufible*. • 

This fubjed is worthy of more attention. In particular, it 
will be well to enquire, whether the alligator does fwallow 
pine-knots, ftones, &c. in Ihofc parts of America in which it 
dv^es not pal's into the torpid Oa<e. 
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Ohjir rations and Experiments on the condti Stint; Power qf Fhiids, 
Bj T. S, Tk A ILL, ^\L D. From the Author, 

To Mr. JSTCHOLSON. * 

SIR, Liverpool, Sept. 10, 1805. 

If you think the following obfervations and experiments 
worthy of a place in your excellent Journal, your inferting 
tliein will oblige. 

Your obedient Servant, 

J. S. TRAILL, M. D. 


Count ' Rumford was the firfl who maintained that fluids Doariae of 
are abfolute non-condudors of caloric. This conclufion 
drew from the interefting fad he had difeovered, of the aon-conauc- 

treme flownefs with which ice melted when a ftralum of cojd tow of heir, 
water was interpofed between it and the heated body. 
imagines that it was always, melted in fuch circunilhinces, 
either by currents produced, in fome^^f them by changes in 
Specific gravity^ or by ilie tranfiniffion of caloric liirough the 
fides of the contaii mg velfel. The exi:^riinents of this illuf- 
trious philofopher have roufed the attention of the learned, 
and to the united labours of yourfelf^ of iT^idmfoni of Dalton, 


^[jftoria GUijiutii, See. 


and 


114 m FLUlsIl. 

«Dd of Murray, we are indebted fm eft iitveiligation ef the 
Counts opihtons the refult of which feeAis to Ae, thattlttids 
are not abfolute non-‘Condu6tors of caloric, * 

Experiments of The etperiAients of Dahou and Thomfon }4ve proved, that 
2n,^Nlvh(!lfoX appearances of currents fuch as deferibed by Rumford^ 
and Murray, * ‘may Often illufory; and from Ihofeof Nicholfon, and froni 
Sc CounL**^ Murray^s firft experiments, we have flrong reafons for 

po6ng, that the temperature was' affeded by the condudmg 
power of the fluids employed; but in my opinion the experi- 
ments of Murray with a cylinder of ice, are the moft com- 
plete demonftration of this contefied point. In a late paper, 
inferted in the Tranfaflions of the Royal Society of London, 
Count Rumford endeavours to obviate thefe objedsQ|ii^ his 
hypothefis, in his ufual ingenious manner. / 

It is not apple- Even admitting that in your cxpciiments the calotlfc was 
exp«mieMt o?* franfmiUed folely by the containing veflel (an opinion by no 
Mvirray could be means probable), and that curt€nts,*(iich as Rumford defenbes^ 
iM^*^** have ail the effed he attributes to them in certain cafes ; iUl! 

the experiinenU of Mr. Murray appeal to me incontrovetiU 
iblc. It was not, therefore, without furpnfe, that I ob- 
ferved him ufe the following aignment to invalidale their re- 
fulls : When that veflel is conflruded of ice, the flowing 

down of the water, refulting from the lhaw'ing of the ice, 
will caufe motions in the liquid, and confequcntly inaccu- 
racies of ftill greater moment viz. than thole produced 
by the conduding powers of the fides of the veflel. Now the 
xnelting of the ire could affed the thermometer only by being 
itfelf heated, and tiien tricltfing down the fleUs of the cy- 
linder of ioe» But I apprehend, the watier reluUtng'firom the 
melting of the ice could not gain U higher temperature than 
Fw while it remained in contad with ice. If we mix even 
iftifcmt parts of waiter at 17$^ and ice, w*e do not And that tbft 
thiopeni^ttre of the mixture is above 52^. If fuoh a ie^ 
quantify of Water canndttnainfatn its tempdraMre in conw 
wkh Ice, can we ftfppofe that foch a fmaU quantity asqi^ 
formed could fife to a higher while trickling down the fides 
' of a thk k cy tinder of Ice. 

ondcei^iniynot Bill even thts exphftftHion of the phenomenon advanood by 
Jury U*atcffel Rumfond, U efttirOly inapplicwBle to tbq experiment 

afir- with mercury; for the drops of water formed could not pof- 

iibly fink in a fluid fo much morb ^nfe, nor throw* it into 
mfren is which could reach the thermometer. 
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Beildes 
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Scfitfes ibofe roo# lOjMiouse&pertmonts devifcsd by Murray^.f>^<;o/s 

. r r I art- a’ I- I • fluids are proper 

i#« bavte otherfcpfoois of the cooduttmg pi^wer e* hcjuids in 

fet^eral well k^n\wn fa^s. 

\fi* If the 'noriseondu^ting power of liquids have any mean- i. They take a 
iog, it flotrft fignify ibat tlieir particles are incapable of com- 
momcating to each other the temperature they have acquired mixing, 
by phy ticai cOfKadt with (bme other body, whoie temperature 
was elevated. If thii Wele true, how dial) we account for 
tliG mean temperature produced by m-ixing equal quantities 
of hot and cold water? Rum ford, if 1 recollect aught, has 
endeavoured to obviate this «ob}edlion to his hypothefis by 
iuppoiing, that it is only an intimate mixture of hot and 
cold particles which takes place in fuch cafes. If this w'ere 
true, we fliould exfied, from the rapid motion he fuppofes 
the currents to have in liquids tl;at are ‘healed, that they 
w'ould loon feparale into warmer and colder ilrata, from the 
difference in their fpecidc gravities : This however is not the 
v«afe: The whole acquires a uniform temperature. 

2d. When mercury and water at different temperatures *. More parti- 
are mixed, an interchange of caloric lakes place. From the 
very great difference of their fpecilic gravities we cannot 
fuppofe that every particle of the one has been in contad 
with every particle of the other j yet they foon acquire a 
common tempCTature, which though not a mean, has always 
a confiant relation to the lempeFatureof the (wo fluids before 
mixture. Ddbs not this indicate a coniiderable condeding 
power in thofe liquids ? Ind^sed^ 1 cannot conceive Urat any 
interchange of temperature could ttdte place in foc?b cafoa, if 
the particles of the liquids were incapabk eit' communvcaiif^ 
their caforic to the next particles. 

The beautiful experiment devifod by Ruulfpfd, 3. The veffti b 
which Water, in a glafs lube, w’as made iot^il over a 
of ice, by Itbi^ apphcatioii of a iieated body to'ibe qpfset pttTl couiit for 
'^of (he comabiing tube, withqiat, lor a V|ry -feeing '^trtheL 

the ice, is a fulficient proof ot llie i^ilh which glals trfne of C. R. 

JNKnfmits calotic, and t>l<e^fy 4 ndrcat^$ that the (ides of the 
veflel in fevOrdi 0 the eKperimetiU of tlie atk>ve-^m(BiAtjp«ed 
plHfofephers/ coqM not be the fob eoi^iidmg ntodbip. * 

.The*>^xteeni^ experiment .(evenlh effay, 4* Hot m'Mst 

affbrda another argembnt* BgainR his:^^ioni. ;He §tcs 

water o|| coid wat^' r efiod on a its temperstab 

««Jte 





j||« Heat vpplied 
to floSdt down- 


A^sr«ttts for 
expet iments of 

downwards 
tbroogh fields* 


^ qdl4s fttccef- 
t nt F. 
(cylinder of 
iatftU* 


tilihe of. ice ip the bol(oiD <rf ^^bimd that 

fur&ce of tb^ ice the (emperslure.fra^ the diflanco vf 

three Jpohei it w« 159®, bat at the diftance /f feven inches 
it wait oi>}y IdO®. Had the cold uaier acq^fed* Us clevaiion 
of teiapcfatore by the ruiicnts produced, or by the fides of 
Ibe vetfel^ we ought, I apprehend, to have found the tern* 
ppnttare fpreading more uniformly : but though the fird fpur 
inches only diflfer b) one degree, we find the next three diK- 
fering by 1 19 degrees, 

dth* If liquids were abfolute non-condu6tors of caloric, it 
would neceffaiiJy follow, that when caloric was applied to the 
upper fur face of diifcreiU li(|nicls, other circiiniftancfes re- 
maining unchanged, and provided the liquid did not increafc 
jn fpecific giavih bv cooling, ci/i/af increments of temperatute 
would tah place in equal 

P'lora fevoial exjieiiraenls it In probable, that fome liquidg^ 
conduct caloric more rapidly than others. The following'" 
were undertaken with a view to afceiuin more accurately 
this point : llovs far f have fiici ceded J leave }Ou to judge : 

A C)linJrical seficl was tuinul out of wood, having its 
£des0.5 inch tfuck; its jieigh* r>ar inches, and its diameter 
two. It lias a moveable wooden loo i>i cover perfoialed with 
a hole in its centre a little moie than an inch in diameter, inti# 
which an iron cylinder oi cm n < h in di nneler could be eaiily 
introduced. This ^ylindi r fuj/pmletl by a flight flanch oi 
thouldor-piece, and can be taHu up b) means of a flung at- 
tached tfi its top. When the iron bar is in its place, its flst 
lower extremity is 0,5 inch diftant fiom the bnlt> of a delicate 
tnercurial (bermometei D L, which is fixed b} wax, in a hole 
|)erfbrating the cylinder near its bottom. This thermometeir, 
Ipbich wan in^de by the late Ranifdon, has a lube as fine as a 
bomen hair, and is bended to a light angle, fo that its biiJb 
part of its flv^m be in the axis of the wooden cylinder. 
T(lis ftape was preferred, becaufe the flem could be liill^ 
afleded by the caloric tranfmittcd by the fldes of the vefle|l 
till after (he bulb was aded on by the caloric of the iron ba^ 
A variety of experiments wisre performed with this apparatus 
in the following manner ; The temperature of the room being 
flcailil) p. darfftg the iriaK, a keltic of water waikept 
boding over the i$re : Its temperature was betw^n 21 a^ 
an'dj this the eytinder of iipn vm fa%fd to,ce- 

• main. 



Mliik feach exp«(riw&^^ ftr^Stolnutes. 'Wie liquid to beiirf &e rife rf 
%KMDH>ed. and all the appUratUs ' (fctot the iroiv^bie), were, 
each experiipl^^it, afc*ertained 4obc at 67®* The liquid waincaeh* wifob* 
pout^ into the ^ooden veflfel, till it could rite 0.1 ****** 

the fide of the iron cylinder when in iu pkce : The wooden 
top was put on, ^d the iron was drawn out of (he keiile 
ofi>oiling water hy tneans oF the attached iliringi and infiantly 
let down through the holeN)f the cover. The* time the Iber- 
iDomcter took to rife through three degrees (to 70®) was ac- 
curately marked by means of a Aop-watclSi and the refults of 
luy cxperiiuents on ieveral fluids are exhibited in the ibl- 
lowing 

TABLE, 



Table of refalti. 


As the water in the firft experiment was employed iV' aTbecemfcrs* .. 
ieniiperatafe dbove 42®, it <5ouId not affect lHe'thermonn(eter ^>7 ^ 

fltiy change of jdenflly i it may therefore ferve as a fladdafd duce • deibe^ 
lt> compare Ihejoth liquids. With regard to the difTefertces 
of a few feconds, vye need not infift on it as indicating any ing., 
mutual di^erence between the condu^Hrig power of the differ- 
nmt 'febfiahc becaufe the eye may not be dtble^o it 

this difference ampunts to fiearljr 
. a quarter . 
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Th« fluids arc 
proper conduc- 
«uisi» 


a of a mlnufa, laadi lo feveral aui«il6% 

we may fairly i^cludflj tbat ihenris a dilfereace/in conda^liag 
power. . , . ‘ / 

It) all ihafe aapertmeots the ikies of lire apparatus ihouM 
have fmidiiced ^oa! increments, had this been iiie caufe of 
the rife of the ttomometer ; and it is Wident that currents 
downwards couW not afeft it. Thai the ftdes of the vdTel 
could not communicate Che temperature to the thermometer, 
nor even the radiant caloric afV^ it in the manner obfcrred, 
the eleventh experiment (which by the way atofe from an error 
M) the mode of conduftini; the trial with fulphale of foda) fuiii- 
ciently demonftrates. From an infpedtion of the table, it will 
be feen, that the aqueous foluiions of different falls differ ma<i« 
lerially from each other in &e celerity wUh which caloric is pro- 
pagated through then). ^ 

I attempted to meafure the condu6ling powers of feveral oE 
the weaker ^ids, but 1 was loon convinced that their adtion tip 
the iron might invalidate the accuracy of the refults. ^ 
It will l>e unncceffary to obferve that if we find the thermo* 
meter requiring different times for its elevation, in fuch cafes, 
we mufi afcribc it to the condu6ling powers of the medium 
between it and the heated body. 

If 1 am not deceived, we may conclude from what I have 
above adduced, that liquids as well as folids are condu6lors of 
caloric ; that the ttanffniliion of it through them follows a par- 
ticulariaw depending, oil the pro|)ertics of the particular liquid, 
but which is not lit the eXa£i ratio of any of their inechailtca) 
l^peTties, tboiiigh tieiifer that of their denfity than any other. 

^ &lcb, Shr/ are the principal arguhients that feem to militate 
wdUxpUifl^* agafijift Count Rumford’s hypolheiis, which he has, with th^ 
by the flow ingenuity which diflinguiflies his rcfearchcs, applied to tlie 
ffulds^^^ felotitiii* of Atany Important phenomena of nature. Thefe, 
^9 n<egatioa* '■ bti^ver, niUy be equally well eiTplained by fappofing liquid^ 
V'-ry flow ciur- veTy bad QOndu^tors of caloric \ tind, if the currents coufed iiii 
bjr chaqges in temperature, have even :k‘very inferior, 
veioCHy tb Vhat he fuppofes, we' may, 1 think, account fuifi- 
ciently well for the appear atice he obferved on the Glaciere of 
Chamouni, which be ^opofes as a teft of his q)iniOns, by 
the cU^creafe tn of water while its temperature de- 

feends IVoiu 4^^ (a fa6i whkh the Count -s late expe. 

limeills oouiirxi^ wUhouta^rUingtofai^oi^iomi^ v^ 


The Count^i 


Oheiere of 
IditiOOUAi. 
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An exaroination ^ 
i^Ould^ ii^«irever« extend fertlier tbts alrtody too long 
fetter; but i/‘\ou deem fudi an enquiry interefting^ it may 
|>e fabjed pf' | future commutiicaiton. 

i am. Sir, 

Your^s ^ith re(p06l» 

T. S. TRAILL. 

As this letter did not csome to hand till above a fort- 
pight after iU dale, and the verbal defeription i$ very clear# 
it vras not thought neceflary to poflpoiie it for engraving the 
pu(iior*s Iketcl).-— N. 


XIII. 

fwUan Account of a remarkably Jirong an4 ferocious Beaft, zuJdck 
(iky fay) exijlcd in the northern Farts qf the State qf New 
York about two hundred Years ago, ColleSted and coimmni* 
cated^ by Mr, John H£CK£W£LD£a» 

T*HE jagiflio'f v{or naked animal, or bear, as fome of the Account of the 
Indians call it) was an animal much foperior in fize to bj 

larged bear. It was remarkably long-lx^ied, bro^ dovy n its the Ameiicsa 
flioulders, but thin, or narrow at its iund tegs, or juft at the ^^**®®* 
termination of the body« It had a< large bead and a frightful 
look. Its tegs were (liort and ibick» Its paws (the toes of 
which were furnidied with long na^s or claws,, nearly as long 
as an Indian’s finger) fpread very wide. Except the head, 

^e neck, and the hinder parts of its tegs, in all which ptedea 
the hair was very long^ the jagidio was almod naked of balri 
on which account tlie Indians, gave it the name of naked.?; 

Several of itesfe animals had bel'ore this time been dedroyed 
% the Induuis, but ibis particular one had, from fime to time# 
deilroyed many of the Indtefif# particularly women and chil«- 
dren, when they were out in the woods getting nuts, diggiig 
roots, &c. or wlien ihey were working in the fields, Hi^lera 
when iaft purfue^ by this animal,, had no means of efcaping 

• Toihetaitor of the Philadelphia and 

ntil, vshentc ibis is taken.' - y ' 

: ThOlhdiaii name of this bead or animal; ' 


fromo 



lllldiVMa 
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Ac^nwt of from it except where A fiver Cif Ifte weii 4I hand, by piai^itg 
by wat«tg, and ^Jitifning or doun the iftreain le a 

American great difiancet they effeded their efcape. W) en this was the 
cafe, and t^he >vas not able to purtue his intended prey 
any further, he would fet up fuch a ruariugi’ noife, that every 
Indian who hear 4 it trembled with fear. 

This' animal p^feyed upon every it could lay hold^f. 

It would catch and kill the largell bear, and devour it. While 
the bears were plentifu^ the f t^ians had not lo mucti caufe to 
dread the jagiflio j Imt when this was not the cafe, he would 
run about in ffie wobds, fearching for the track or feent of the 
huhter^t, and folldw tiiem up. The women became fo much 
afraid of going out to work, that the men aff-mblcd to 
berate dri a plan for killing hiib. 

This beaibhad its refidehce at or near a lake, from which the 
water flows in two dlflereht ways (or lia< two different out- 
lets), one northerly and the other foalhcrly. The Indians^ 
being well informed of this circumflance, a refolute party o| 
dieiUj well armed wrtfi bows, arrow5^, and fpears, made 
wards the lake.' They flatiohed them Tel ves on a high 
pendieular rock, climbing up the fame by means of Indiw 
ladders, and then ^rawing thefe ladders up afler (hem. 

After being w'ell fixed, and having taken up with (hero a 
number of flones, the 'Indid^ris began to imitate the voices and 
eries df the. various beads of the woods, and even tiiofe ot 
children,' in order to the jagiflu) thither. Having fpent 
ftme days In thispl^ Without a detached parly took 

/'iiii ei^rfio’n tp:fbm'e iiiflthce trbnr the rock. Before they had 
reiK^ed 'tlm rcick again, thb beaftliad gotten the feent of them^ 
mui' rifles la Ml ^ them» Tliey, however, regained 

ibaiT^fition before he arrived. When he came to the rock, 
dnger, fprang iitgatnfl it with his mouth wide 
griniiiig and foiadhg" updn it, as though would tear 
it'll) jpiecer^ * ^ ♦. tiurihg Ais tiifie, numbers of arrowa 
and (lones were difcfaargedAt lum, until '^t length He dropped 
down and? Expired. 

His bead WUs leuf olf, and was wried in triumph by the 
Indians' in their vlll^es or fetilements bn the North 
Kiver, and was fixed upon a pofo ibat it might be f^en* 
At thew^vl bf the' dtii^ of the animal fpr^di among the 

.neighbouring 
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neighbouring tribes, numbers of them came to vfew, the bead j^®^*^j*** 
and to praile vi6lorious Indians for their warlike deed, , ctiLl If 
N, B. The Maliicanni claim , the honour of this ad, the Ametkaa 

Kumakks bv Trig Edxtoe, 

The preceding trkt^ional accounts of the lodfans^ coo* 
cirfiming the ** naked beaftJV are in feme refpeds; fo very ex- 
travjigant, that ihey may perhaps be deemed altogether un- 
won hy of any attention. I muff coniefs^ however, that I 
cannot but confider foch traditions, though imperfedly handed 
down to u$, and evidently disfigured by 'lable, as entitled 16 
(he notice of the naturalifl and phnofopher. 

That fuch an apimal asihe jAgifho isdefcribed to have been, 
has ever ex. Red in the Rate of New Yoik, may perhaps 
admit of a lationa) doubt ; but thatlbe Indian tradition relates 


Ui/mtt rvtmtrkuhle animal timt is no longer to be (een in the 
country widt h it is i'atd (o have inhabited, I think there ia 
good ri'afon to believe. What this animal was, at what period 
it cealed to Lv» leen, ^and what was the more pure account of , 
the Indians concerning it one hundred years ago, 1 4^ not 
’&MJ?rctend to determirje. 

HK^’odi'dY die Indian tradition refers to the large animat, (I 
*^'ean an itidiviciul of the fame fpectes,) fome of wbofe bones 
have been found in a cavern in the back, parts of Virginia; the 
animal of which inentifui is iit.the Rrfi part of this 

journal^ . Is is true indeed thajt the. J^dian accoitnt^ of lIiO 
aiSiivity of the Now York animal. are not yer^ ^ourafaie t6 
the idea, that the animsd^ was Mr, Jefferfoirs 
which I have flip pofed belonged to (he order of .Tadigrad!^ 
comprehending the Slot!), the Armadillo, and others, Whsdt' ^ 
is faid of the claws of llie Jagilho may.be thought. to laToai; 
the notion that this w^at realjly the Megalonyx, — , 

jdom. But 1 would nbt be ;apder{l0od to any dtipendk' 
ance ii(x>n the, minute or defcriptlve arcomRancOs whidi 
are mentiohedl in the Indian tradition, ' IS^pf Indeed 4o I 
it at ail probable the* tho Megalonyx (as It is called) or ao^ of 
the fpecies of elephants ^Who(e exuviae abound in vayi6i|»'P6TtS * 
of North America, have been feen ifl''a..:jpvtngT|{ate^ in thia 
Continent, w,Hhin the period of uVo^ ojf^ evep two 

hundred yeai|*> 

* SeAtoiThirdi p. 1^, lil4. 
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SClE3fTieiC ^EWS,(fji, 

Ikaih qf Prqfa^ar Claproth. 


}ro^B 


SoM^ 0‘f the fieireign Journah have 9 !j;^tottnced the death of 
the celebrated Klaproth of for the benefit of the 

Sdences^ contioees in good health in hi$ iixty.fecond year. 
Mr. jfttftas ClaproMt# Profe6[x>r of Jartfprudence in the Univer^ 
fity of Oouingeoi; well known for feveral learned works on 
iiiia fubjedt died on the loth febroary laA, in his fcveniy^ 
fevenib year* 

* 

^ronmii^al P)izc» 

The medel fnatided by de Lalande for (he bed aftionomi^I 
work, has been adjudged by the National Inflitute in its dmiK 
of ^pril lad, to Mr. Harding, lor his difcovery of the lad wt^ 
planet. That able aihonomer has been appointed to the dS« 
fedson of the Obfervatory at Gottingen. 


MufMi JnJtfumenU 

a 

A Pei|fbnlock<*>maker naaaed Madouflcy, arrived at Berlin, 
ei the of the pi «febt year, with the intention of ex- 

hibiting a new dringedf inftritmentit of bif> invention. Not- 
withflandhiig a voriefy of adoertifements^ be did not fucceed in 
liiltrpQiflg tl^e paMknolioe; and he determined to exhibit (he 
'sidlranHBnt at a oenoert prevuma to his departure. About 300 
by the noom of Hhcmel and Seidlen, who 
weiw to perforiB, attended, and towards tlie end of the conceit 
nearly hhlf Ihe mimber relifed* The artid proceeded to eat* 
lii^i h|s Kigdiibn* wbioh ii the name be gives the indrumenfr. 

^ a foQod^boaid; on which the uftudryftem of wswe 
oTlh^ piihp are iiaiieU ^ween theie wines are fmall wooden 
j cylmderft which Mng ^pot into motion, cominuakatft their 
ylhrationi to the wires, The tones arc fo foft and encbamiagi* 
that the harmonica eannet etpial them, the forte and piano are^ 
given in every imeginahle gradation, and the whok efied was 
no lets furprtfingthan nnexpeded, and the maker Hahn re- 
ceived orders for a number d the ioftruments* 
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The prefent article is taken. ftoi» MHIin’s Magaftn Encyclopcf 
dique, who does not fay whether, the wooden cylinders were 
moved in rot^ion or otherw^^ ner how they were appKed 
and preflfed agarn^ (he Arings. Tlie. leading fad of this notice 
feetns to be^ thatWre are certain kinds of wood^ and perhapi 
certain refinous or matters to be applied to them, that 
produce the e®^d^*^bow uport wire fIripgB In a foperior 
manner. It is indeed probable^ that we do not yet poiTefs 
much knowledge bf the art of producing tones by the powerful 
expedient of bowings or light fridion ; and mechanics liave 
Aid an ample field for applying this method, with forcei pre- 
ciiioni and rapidity to tlie more compounded inftruments. 

On the 28 Ih of May laft died Alexaiiddr SkveHicn engineer Derti 
of the French marine; who has been fixty yearit known (b the v 

fcrentlfic world, for his writings bn navigation and the theory 
of building, rigging and manoeuveribg (hips. He has wriifCn 
accounts of the infiruments for making obfervations at fea’; 
a marine didionary ; a d'idionary of the mathematics ; a die* 
lionary of architedure'; an hiftory of modern philofophers, 
and an hiAory of the progrefs of the h^man uOdbrAanefing. 

His works, indicale a confiderabk Aiare of ta!e:h| and very eg* 
tenfive knowledge. For many the laA years of his life he 
was poor and infirm, and was much indebted to the cafes of a 
fervant who continued with biro fr<j|ii^ motives of attad^ment>t 
He died at the age of elgbty-five^ leaving behind him a widow 
litewife very aged and in want. 

, Pure and bfsd&tifui Ceru/i^ ‘f' * / 

Aft. Van/Mons informs os, ’that, if lead alfeei'^ S|(^vedf^>nabeai».^ 
5fn a fuSicient quantity of dlHutb nitric acid by' tfe help iwafc, 

‘^nfle heat, filtered, ahd' pWfpitaled by^chalk'in 
]pdwder, tile prmpitate, when wafoed and <&ied, #ilL be the 
pufeA and moA ^ea cerufe poflible. The queAiem which 
oflTers Ufolf on this occailion, is Whether it pbuld bb efifordedfat 
a reafon>ble price. * 


Chrmaie 




* i A 

ChroaMt (gT SSeer. 

Poufidkkin hti i^olved both tke red lead fptr 


ciintmate ef fijiver in aMHc ^id, by adding a little fugar 


iMf 

fm 4 


aiOMtioeiaf 

n iHd Alt 


ite acid ih poured on, and pr^otmg (.he adion 

Il|rg6(ili«yheidb< The (par then require^^) five or fix parts 
ef iidid» ibe ebrumete of filver NHrous acid g^s 

iaevoliied^ aedtliefdlttiicmfof IbelWmerM an amethyfi co- 
lour, of the latter d^aruet red* without the leaft trace ot green, 
toiUHStap or refrafiioo* 

^ ^ * rnrn-rnl^m^Ummm 

Pi^^» 6 tion pretenUda 

Dr. Valli having lift a poand of foup m which were twelve 
or fifteen grains of pfecipttate, expofed to the open air 

for four moUitbay exhibited no Ijgn of putrchdlion, 

and did aot'eveh fi^bi to have undergone an^ alteration. He 
then repeated the experimautfiiMr a month in (be height of (um* 
i|iar» with the fame (SiPd!;* The oxide tn the mean time had 
neiitier dMitidh^ Mt altered its colour. 

On Valt Metis ^ferves, that he ha<i iound broth 

keep for years by laeeus ef a few grams ot mercury in the 
iUfe of mid pHrate. Nitrate of filver has long been 
pewerlul of anlifcplics, and he has 
iom if gjdbf end ot mercury equally fo. Oxtgenated 
of pehiS( retartMl the pntrefa^tion o( ftrong ioup fc- 
^d uhimatie^ imt a (lop to it at a certain point, 
ndrtc edd^^jBd oxigenated muriatic acid tn the 
yfrUfervqd a moderate ftrong (oup for 





‘“IF 

Mhiaiiat been netr 40 yean in 
^ ^ ^ of near 59 ,QO 0 i. wijt be fold by 
(a 60 d> dnlfifs an aaee^Ue offer for the 
^rdtafe of (tie iifhole be previenlly mad*, llie lide vyiil 
take {llaw iff the bailding which now eoolains the Mufeum. 
Catalognet are prepnrtRg with ai fpeeiL 
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and Ohfhrvatiom filMng » <Ae .8%/#, tnd other Diflafis 
qf Cora. Jr. a Zetler from O.CvutBtiL Atm, 

To Mai NICHOLSON, 

SIR, Wefrm-frpnhMtitt, lOAOBober, 180$. 

Although not nucb in tbo Mbit of toking uiy thing Reference to the 
on trud, I tnud eonfefst tbtt when oiriy in Ibe fpiag the 
pamphlet of Sir Jofeph Banks^ caHalli 4 Jkoft Accoutt tff the thelriigbria ^ 
€nufe of th» Difeajh in Cam, colled hf Famert, the Blight, corn. 
tlic Mildew, and the Rufi \ came *’lo my knowledge, 1 feit 
vary mnob inclined on the credit of h]$ eilenfiyo fmt to 
receive with • fanonroUo pptjndtoe, what was b poBtivedy 
announced as informaliont on a fufa^ that we may all, 1 
tuppofe, be allowed to have loinething to do with. 

Having Bierefere much leiiuia, and being placed in a fa- Cora i^d nev 
vowrable fiiaiitien to make obfervadons, I began doing all that * * 

could {then be dono» v». planting feme wheat near a barberry 
huih, and fearohiDg AaiefoUy fiir the yellow raft on the early 
leaves, 

* Infertedialim in eur |ounud X* p. 

Vot.XIL-i-NovtMaaa, 1805. L 
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Dilbfed ftraw j next examined the ilraw by the microfcopei making til&njr 
it wM^fwiTthat* difledioni with great aUention. The refult of which jwas, 
Mr. Bauer's a conviflion that the deiigners and engravers part of the fine 
accompany this eflay, has been excellently and 
^ * faithfully managed, at fiu: as the then feafon would permit me 

to compare them, and fome old draws of the lad year render- 
ed it very probable, that the whole was corre^ly drawn. 

Doubt whether But here I began to fufpe£t» that the ruft was not fo guilty 
grain, w ^ reprefentcd, for, adroittirig for a moment, that it 
does intercept the Tap by plugging the apertures faid to be 
dedined in wet weather to receive the humidity of the atmof- 
phere, yet, as it is not yet afcertained that it drikes root, into 
the cellular texture beyond the back, for 1 could not admit 
of faying there is no doubt of a thing that hem not yet bem 
traced, fee page 11 (or 227 of Journal) and as the plates, if 
they prove any thing prove the contrary, vide fig. 7. 1 thought 
we mud w'ait awhile before we could charge to this caufe ihe 
diminution of our dour* There was yet another motive in my 
bumble pinion for doubt : I faw, even examining the draws 

of lad ^911^9 that it wras fcarcely poflible to find among hun- 
dreds of ruftedfi^raws that had blighted h^ds, one tliat any way 
partook of iherud except at the upper joint, and that partial- 
ly only, while the. (heaths that’ nature has' kindly given to ward 
off injuries, were compleatly confumed with it. Now I be- 
lieve, no one will pretend to alTcrt, that this injury done to 
the (heaths of the draws could in any way ade61 the riling of 
theyhp to the ear; we mud therefore, 1 foon faw, confine the 
caule of injury, tf ihU be any caufi, io the quantity of fungi 
that more immediately attacks the upper bare joint of the 
draw. 

And even here it appeared at this early dage of my doubts 
,to be very uncertain ; for if we refiedl fird of all that it is 
by no means pretended to be proved, that thefe fungi do 
penetrate the cellular texture ; and next, that if they do, it will 
remain to be proved, that by fo doing they materially intercept 
the fap; and ladly (which I conceive to be no extravagant cop* 
jedlure) that if they did, yet as faf as the cellular' texture^ 
the draw is concerned in conveying it, the interception codm 
only be very partial.— Taking all thefe reflexions togethei( 
I think I was grounded in entertaining doubts of the trup 
having been exhibited, as is fet forth in this pamphlet, 

. p* 
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I>. (or 226 Journal.) Where, tlie prefident fays, though 
c^igciu enquiry was made during the lad autumn, no informa* 
tioa of importance relative to the origin or the progrefs of the 
hllght could be obtained ! this is not to be wondered at, for as 
no one of the perfons applied to had any knowledge of the 
real caufe of the malady, none of them could diredt their 
curiofity to the real channel. Now that its nature and pfiuje 
have been explained, we may reafonably expedt that a few 
, 3 cars will produce an interefting colle^ion of fadls and ob« 
fervations, and we may hope that fome progrefs will be made 
towards the very defirable attainment of cither a preventive 
or a cure,” page I t. 

Having thus advanced in die examination as far as the Country names 
feaibn would afford, I thought it \vould be bed to afeertain in 
the county in which 1 happened to be placed, the terms 
^intirely overlooked in the pamphlet) there applied to the 
diderent difeafes of corn ; and here it foon appeared that the 
terms are not univerfal. 

The fird blight (for there are many) is that early appear* Firft bfightj ot 
ance of inlirely decayed ears, of plants apparently in • 
liealthy date, but which, in the embrio which lays within the g^in is turned 
upper Ibealh, before the ear is develloped, has turned to a powder, 
brown puce-coloured powder. This by fome has been fuppofed 
to oiiginate from defedtive feed, but furely improperly ; for 
ninny of thefe ears are found to be the dned and larged in the 
fieKi in their embrio date ; and to me it Teems evident, that 
they are imperrefl from a really defe^ive parturition, owing 
toloine accidcijilal circumdance s orpodibly (for, they generally 
daiid below the others) from the want of fun to unciofe the 
upper Hiealh at a critical moment. 

Thefe ears are alfo in general found to be crooked at the The can arc 
root of the ear dalk, owing to the effort to raife the ear acting 
within the (heath on a decayed and mouldy ear ; bijit it appears 
that they are all at length ejected from the (heath, and the 
brown dud blown compleatly away, To that the dalk at lad 
remains without a fingle grain on it, danding up like a bare and 
barren pole. In this m'lnner many ears at drd perifh, but the 
quantity is feldom any object to the farmer. 

OF the puce«coloured powder a quantity was colIe£ied ; it Appearance of 
had no fmell, imt felt foft to the touch, like whiting, though yrodmrs^no* 
•more greafy« An attempt was made to innoculate a number iofediion. 

L 2 of 
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of other found ears with it; by rubbing it on (he !eBTe$« by 
giving fri^ion to the ((raw itfeif with it, by infcrting iirtnto 
(be ears, by |»iaotng k beneath the (heaths, and la(by, by in- 
troducing il Into the^ptlb of feveral ftraws,-^ach of thefe in 
vrlBt and dry weather, but nothing look any effe6t. It fell 
The firft blight harmlefs but one difcoV^ry arofe from examining the ears 
rrom*sm cxtcr- produced, viz. that corn is capable of being 

oal caufe. completely blighted without any external difeale or appltca* 
"don. For all the Itraws were wiHiout blcmifli as well as the 
leaves, and ccmiequently we have no occafion to recur to 
external oaufes for this itfterna! decompoiition. 

Wheat in this ftate 1 drew very accurately, and fent fpeci- 
mens of it to town in Ibis condition to Mr. Nicholfon ; and 
thus ended the hril blight al it is called in Somerfetfliire, but 
whidb might poffibiy be with more propriety termed the 
vdIdeWm 


Second difeafe. 
Smut. Full 
grainf. 
Tnganly a 
jMwdcrdf 4 
fAtlL 


Mechanical In • 
jury did not 
fuoducc this 
dlfeafe. 


ThO next difeafe appears in thofe ears which (land eredl and 
flaring, indicating their lightnefs by their attitude. Ahhougb 
on gathering they appear (bll of Corn, they turn oat in 
to be full of a dhrlc powder that hai the fmell of flale lobfle^ 
or (hrimps, when preffed between the Angers. This powder 
on examination by (he tnicrofeope (hews fome faccharine con- 
cretions among It, but it has none of the actual properties of 
wheat. Upon cafCfully examining tbefe grains the outer fkiti 
was difeovered to be intirc, unperforated, peifeSlfy green, and 
perfeBtyfuU ^yel flrange to tell, if it be not really the work 
of infers, balf of an ear was often found to be thus 
foiutty while the other half was found. 

Among other conjedtufes, it was thought that this fmutty 
difeafe might arife from the juices of the flraw being inter- 
cepted by accidents. In order therefore to try what could be 
efibi^ted by injuries done to the fap, 1 bound fome ears, 
wounded oth^s by-preifure, divided fome with a knife near 
the flem, marking each by cutting o(f the beards with feiflSirs ; 
yet I never found any fuch effect produced, as either fmut, 
or even decay, and all the ears thus injured came very well to 
maturity, ^erewere real injuries, and eomhiitted at a time^ 
(June] when the ears were b^ no means for advanced, and 
(his led me' (IIH lefs to expe6t any great efle^ Irom a little 
partial mofs adhering to the ftem^ the accidental efie^s of the 
teafoii at a later period. 
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Atbngtbon the Ift of Augu/H I (aw in a low field Ihe Third 
firft appeacance of j^ellow ruft> but coIleQed one with 
ficulty ; and now I found that it was uidveHidly agreed by^ our 
fiirmert, that this fungus, as our plate defcril^ it, was con* congdered m 
fidered as the effect of fogs or great humidity^ wbicb 
attacks (he leaf or (heath of the flraw, but ultiinately peiie* 
trates^ and vegetates on the upper joint of the draw itfelf^ 
where it is uncovered jud before (he corn is ripe, fo that what 
our plate exhibits is by all agreed to be called the ruft in all 
dages ; but that the rud caufes the laHer hUght, or ears with 
dirivelled grains does not feeift to be fo generally agreed. 

To prevent the Jhiutt our farmers deep their wheat inThe procefs of 
fait water, in order to feparate the found grains from the light or 
blighted better than by frelh water, becauie fait water nadtaally the heavieft tor 
floats all but the heavied. In the Venttkai date 1 remensb^^^^* 
they added faltpetre to the deep on the fame principle, a very 
^iderent fydem firom that of Sir Jofeph, wbo> recommends; 1 
try dangerottdy, the ufe even of tailings as feecb end 
rob more hot houfe experience,, fee fK 25 (or 232 Journal.) 

An old and good farmer * lad ytmr at W^on^ bought good smutty grata 
wheat for feed becaufe his own was /mutty, but not having 
quite enough, he (owed about three pecks of his own dnntty yet fome fuc* 
wheat to dnilh, and it turned out qoUe as good wheat as (biiie needed, 
of that which was bought as the bed ; yet tbU does not con* 
firm the do^rine, 1 think. 


Having thus afcertained what is called, tke early hli^u op 
mild€w$ together with tltat which follows» and is known by the 
term Jinut, and al(b thedtfeafo which comes next^ and being 
fitnilar (o Sir Jofeph's Banks’s plate, is called ruft^ and ladly Lamr WUght; or 
die laptop bUgkt which is I'een in merely dirivelled graiosb ©r 
grains imperfeflly ripened*;^! fluill now proceed to the fpeci* 
mens which I gathered in all the dates, made drawings of 
thein, and did retain in the w iafanUad witbgfeal^^care^ as 
proofs of what is here advanced $ aftmr which I ftaN make 
fofhe dedufiions., 

On 2Shid^ July, ld05. I began my eolle£|ion ; and No^ 1 . Accounts of 
^taiiM kMkfcyw^. i lew to outward appearance, tbalowoft ^|*2t"ptbere4 
leaf a fpeck or two of funguk Second jtwt fion die bead a i&iliu enquiry. 
liltleirBdMu' NoblbMOOBthecane. < 

* bfr. Oakley iS Weftoa>Supra«Mare» 

No. 3. 
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Acmntsof No. 2. Much difeftfed draw, bloom or mould under the 
o** the leaf; in other refpe^ls the draw quite sC^ 
iA th« Inquiry, healthy and found as No^ 1. 

No. 3. Entirely difeafed^ yet every grain full , and of its 
proper iisse— ^fome grams evidently opened at their tides by 
fome' fmall infeCt. The outhde of this ear quite green and 
healthy, not eveii' a fpot,' fmell of the car very fithy, not 
wanting one grain. The? head dalle' not even waved at the 
car, roOt intire, upper dalle a little yellow. 

No, 4. A healthy ear of the bekrded, thirteen rows of grains, 
draw mouldy under the (heath, and at joints, yet found, late 
or Upper joint green. 

No. 5. Another nearly dmilar. 

No, 6. A double draw to one root, both Cars perfet5t, both 
draight at ' hemd dalk^ both difeafed, yet full and plump ; 
fome grains found yet green, and clofe to a black one ; a ric!x 
golden coloured mofs or dud at (he back of the green coat, 
yet the grain coat perfe^ly green and uninjured, while thj^i 
grain was compleatly full of the black hthy-fmelling blighf 
indead of flour. Straws green at the lop and quite healthy 
throughout. 

No. 7, A draw that having been blighted in the fliealh by 
the early blight, had thrown off all its brown dud, and grown 
to a drong draw ; The Ikeleion of the ear only remaining, 
very crooked near the ear ; The upper Aalk evidently by its 
purple dripes difeafed under the Ikin, yet no mofk or fungus 
protruded on the cane ; dripping back the fird leaf from the 
bead, 1 found the powder from the ear had adhered to the, 
draw under the (heath, and that' it was mouldy': The fecoiid 
joint quite healthy under the leaf, but with the ted Und pUrple 
dreaks where uncovered to the light : The third joint the 
fame: The (heath leaves them felves healthy. ' 

No. 8. Spotted ear externally, found (braw, yet having 
black dud at the jointv, in this ear I found a maggbt about the 
SOtb part of an inch long, of the exa61 yellow of th^ pbwder 
found behind the difeafed grains, (that powdet may be'his 
excrement) viz. orange yellow, his form refembled the maggot 
of nuts, 'sjived an hour on the table, 

No. 9. Difeafed ear» grains all blighted, yet . no yellow 
powder under the (heaths of the grains^ draw healthy, ear 
lf(by fmeli. 


No. 10 . 



BlIOHT IN CORW. 


i5l 


No* 10. Ditto with an infect very a6tive in the ear, yeI!ovr» 
fee drawing A B. Fig. K Plate IX. 

No. 11. Two perfectly healthy ears from the fame root, 
both healthy throughout, yet on the leaf a fpeck or two of 
Sir Jofeph’s fungus was originated, and well grown: U was 
of the orange colour. 

No. 12. An ear fad ripening, folid tn the grain, yet had 
lod its firft fix lower grains, lafi joint green, beards yellow, a 
few fpots on the fiieath of the grain, feemingly occafionei 
by a fmall black fly found in it* 

Obfervations made on the JUme Day on Grains. 

Difeafed grains were always found to be full and plump with- Dlfeadd graiis 
out any aperture ; the fine Ikin that holds the flour very green, 
yet all black within ; the external furface of the black matter 
covered with a white concretion, perhaps t^ie faocharine 
matter of the wheat. Sound grains found in difeafed ears, 

^11 the difeafed ears fmelt fifhy. 

Obfervations made on the Straw. 

The difeafe always attacks the portion of the firaw that Difeafed ftraw. 
peeps beyond the (lieath leaf near the joint, and evidently 
commences at the |iores, a-s old draws will fliew; but the 
fungus cannot, I think, be the caufe of the difeafe ; becaufc 
w here no fungi have taken rpot, the corn is compleatly cor* 
rupted. Xkefe dmgi grow it is true, faded on difeafed ears, 
probably becaufe when the ear is difeafed it draws lefs humi- 
dity from the draw', fo that the difeafed ears Teem to aflid the 
growth of the fungi, not the fungi the difeafe. In fa£l, 1 
believe they live on the Aiperfluous moifiure of the draw, or 
returning fap. 

On the 27 th July lad, 1805. I exaipined at lead twenty BliAted ears, 
blighted ears of corn, and could only find one apiong them 
that had the fmalled degree of rufi, and that only a fpeck/ * 
or two on the lower leaf that flieaihs the third joint. The 
fpots were orange colour and deep purpl^, apd did not occupy, 
half the diameter of a fpace of ^three incites long. 

Upon again examining many healthy pl^n% 1 found not l^thy plants 
pnly their l^ath leayes, even the llrawf eaten away by 



Inoculated 
plants, and 
others injured 
by violence. 
Cook no difeafe* 
plants gathered 
which hav.' the 
!(lraw and the 
grain not in the 
^mc (healthy or 
difeafed) ftate. 


green locufl like infect on (tie ears :jpf’«rbi4b< fen the'magiiiM 

defign, ■■ 

^Ofn« irnioqulated fiill foitndt 

^utr^iB.tfae:4ipper jciiiit 

no alteration, biit in all f^|MK€is'rerembled'Utea>ofl beaiihy. 

Aw 3.cd,/l8C^, t wept to a fiald pf Mr. o 

W^i^p/t^eretlhe Wheat' a genarA good a^ 

i^e£kld^su>d labelloi^, of ears>^greW)'yet fiiU.' 

No. i . Sound ears with <)ifea(cd {Irawi^ 

No. 2. Compleatly imhlty ears with fbui^ flra\ys in every 
xefped. . V ' ‘ 

No., So A imottj anda found ear from the fame rool. The 
found ear had a fpeck df fungus.. 

No.4v Ears, with crpal^ed tic^ps* oUiers twified by (p^rs; 
others with, prooked b^afd^ Q^ort tiaiks and iong; yeb^Ci 
them full of grain, gfeeii Y 

No. 5« £ar& half fmuUy, vi^ on one $de all the way ^ 

No. 6. Ears half fia^ed, (lagged means here thofe ^ 
(hew only the &eleton of the ear and the crooked upp^ 
ilalk froth early blight, all but the bare poles being blown 
away) thelb ears were half and half covered with 

grains. 

No. 7. Bare ftaggSf but with cjuile fine found firaw, 

Lafily ; in itugofi and September, 1S05, at Allcombc near 

of found whfat » i * n .. . i . V ' i , ti 

withruily ftijw; Muiehead, 1 coltoaed out of a field juft reaped, two bundles 
which with alf the others t fliiriceep as proofs of my afTer- 
tions : One all of foond wJbeal with all their upper fialks 
very much covered with the full of Sir Jofeph Bank'ji defcripl. 
tion, and the other all of black and fiiri veiled ears, yet all 
ibund in the upper fialk. ' ‘ • ' . • . 

Thefe lattor mentioned flalks, Ihinlp,. throw great light on 
my ultimate conjedlures drawn, from every ob&rvation through 
the whole feafon; viz. they piercnt flirivelledi, blighted grains, 
and exhibit Ihort ears, becaufe on examinUtiou they were 
e\'idently never fuffierhntiy expofed to lighi and : for aU 
their firaws though clean were, green, not ’yeHow as thofe 
of ripe wheat ought to be^ and their, fmoaky mif^cablp up- 
. pearance (not having ibe fmell the fi^fliytmutV) could 
only arife from their humble fitu alien below iffe'otnet ears, 
air, fun, and light was deficient; in fa6l, they never 
ripened properly. The draw remained green, and the fap 

* probably 


Ocher inftances 
of found whfat 


and /hrivelied 
wheat With 
dbund AraWi 


The ihrl veiled 
corn was ncy'.r 

fairlyiipenv** 
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jfH^oiiaWy retorined in(bad of being- interceplccl bf (he drying 
(he upper joini and to me it oow appears to be a fiur 
oonjedurei that what generally oJied blighied corn* orWhatisciM 
diolia ears that produce fo^ many grc^s, and ^^”001 

we are called upon to feek a reipedy for, U nckt|ung more than prematuidy 
^ihee^b^ of a pra^ice of late much lecotp mended^ viz. 
f£ap mrk^. a pr^ice nptoaly promoted by ih^^Mtlkr, who Wrance, 
eager for the new corn tp coxne to market, but by the avarice 
of the who feap thaii^ letting i| 4 lapd top long the 

grain may fall in price, and reduce his profits; and, what is 
flUl more unfortunate, by fpme agricultural writers of great 
reputaljcm, who recompiend it aa fti^ping the prpgrels of 
fhe ruil,. ibrgetting th^t tlie fun only cs^n effeAually defiroy 
piat fuppofed evil, by well drying the ^raw* 
far be it from the writer of thpfe few remaiits to difcourage^t I* often ad- 
any attempt at ifaving in a remarkably wet feafon, or in 
parkably wet fit uat ions, .^heai that has palled the period 
ufually produfiive of rjpe corn, ffe knows that in cafes of 
)aid-wheat in Ihady fitoations, by reaping it early, we may 
accelerate the ripening of that which otherwife would not have 
at all, by the operation of turning and cxpofing the 
feeaves to the fun, and fo make good faying crops ; but what 
be wilhes to guard again(l is, that eagernefs for putting in the 
fickle originating in the motives before alledged ; for, reafon- Argument 
log from analogy do \¥e not always find, that in all other 
that are to be gathered, thofe alone are plump, found, and 
full of their proper dour, that are faffered to receiv 6 |the utmofi 
influence of the fun while on the (talk ; and be always thought 
many years ago, that we were in the habit of being too fearful 
of the letter feafons ; it is true that late harvefit ai(e expenfive 
in coll^ingy but they are generally weH matured, and' the 
inflancebf ferlej/ that may be well faved (for cpiour can have ^ 
kile (ode wkb'tbe intrinfic trehe of gi^) evepas lateaa 
myemto, proves the jufttce of the obfe^aAion ; firuit gather* 

^ too feon, dirappoinls im yievte of profit or pleature, and 
mii^, bp;^it^s, as wdllattribiito the flirivelting of our 
kpples ^arly gathered i. j the in^uence of the apple-tree mofs;, ^ 

^s the o^^ of wbjmt to a fuppofed blight y 

^(ghmtkig^^.the fiingufei, that bave of late fomuch alarmedy 
the theoretical agrtcaHuriftsi aad oaconomifts of our day. 
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Coaclulion* expafed 1 could greatly enlarge, but I tbinl; 

on all arcountf it ia beft at prefent to oiTer tliom in their 
prefent form tp the reafoning tacullies of your readers. At 
any rate they inay ferve as data, and if (hey (hould fail to 
bring others to piy opinion, may adt, I truft, as ufeful (lirnu* 
lants to the further invefiigation of a very ciirious fubjedt of 
enquiry, as to what are the nature of the eocinies to the per« 
fedtion of our wheat harveA. 

With refpedt and eAeem, 
lam. Sir, 

)rour moA obedient humble Servant, 

G. CUMBERLAND, 

The vicinity of ^ Ought to obferve^ that on (he grains of wheatlimn 

(he barberry does near the barberry, I had no opportunity of making obfdll^ 
(ion’s • but that I have a dried root of wheat now by me ,’'*^ 
which there are above 10D Araws that are all clean and foil^ 
though it grew a few years ago in a garden where barberry 
bufties were. 

i 

= 


II. 


Experimental Invejtigatians concerning Heat, By BekjamiH 
Count of ’Rum ford, fyc, 

(Concluded from Page 75.} 

Sect. III. Experiments tending tojhexv that Heat is commuaf- 
cated through /olid Bodies^ by a Law which is the fame as thai 
which would enfue from Radiation between the ParHcleSm 

fiVit&tifL Having made a conAderable number of experiments on 
\ laws the paAage of heat through fluids, and through diflferent fub- 
tion o/hd tliT in the Aate of powder, 1 was curious toafeertain the 

fulids. laws of its jlropagation through foHd bodies, pATticularty me« 

Uls. 

, 1 hoped this difeovery would ferniili fome a^iitonal data, 

con Ann or refute the opinions 1 had adopted conoeroing beat 
Sid its manner of adting; and it will be feen by the refults^ 
^at my expediations were not frtti(trated. 

Having 
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Having procured two cylindrical vefieTs of tin, each fixDcfcriptiDnof 
fhches in diameter and fix inchCs^s hi^h, I fattened tliem Two cy liirdi*ic;U 

llicr by Rlteans of a folid cylinder of copper fix inches long and tin vcfll-h v,'cre 
an inch and half in diameter, which was fixei horizontally of ^ 
tiveen the two tin veflels. The extremities of the cylinder - 
patted through two holes an inch and half in diameter, made 
for the purpofe in the tides of the veflels, midway between the 
bottom and top, and were folderedfaft in them. 

Each of the veflels was niade fiat oh the fide where the cop- 
per cylinder was fattened, fo that the extremity the cylinder 
did not proje6l into the veflelj but was level with the ttattened 
part. 

Tliis inftrument was {upported at the lieight of eight inches 

and half above the table oh wltich it flood, by means of three 

feet, two fixed to one of the veflTels, and one to> the other. 

One of tliefe veflels being filled with boiling vyater, the other The veflels fillcJ 

with water at the freezing point; ias the two extremities of 

cylinder were placed in immediate; conla6l with thefe twoythcr 

mafles of fluid, a change of temperature mutt neceflarily take 

place by degrees in all the interior parts of the cylinder. For 

the purpofe of obferving this change, three vertical holes w ere Thr chinj^es 

made in the cylinder, into which were introduced tlie bulbs of 
1 y 1* . I yv t 1 • thermometers >: 

three fmail mercurial thermometers. One ot the holes w'as ineijual diftanej,, 

the middle of the cylinder; the others midway between the 

centre and either extremity. 

Each of thefe holes is four lines in dia^meter, and eleven 
lines and half deep; fo (hat the bulbs of the thermometers, 
which are three lines in diameter, were all in the axis of the 
cylinder. ' ’ 

V/hen the thermometers were pul in their places, the holes 
were filled with niercury, in order to facilitate the communi- 
cation of heat from the metal to the bulb of the thermometer, . 

To keep the hot water conttantly boiling, a fpirit lamp wasThc water . 
placed beneath the veflid containing it ; and to keep the cold 
water conttantly at the temperature of melting ice, frelh por-oth^^id"by * 
(ions of ice were added to it from timo to time, adJitVii of ice. 

The thermometers r>e graduated to Fahrenheit's fcale, the 
freezing point being marked 32^, and (hat of boiling water ■ 

212«. v' '• M / 

As the firfl and roofl important objeAI had in view was, tc/fhc thermome, 
karn at what temperature the three tliermometers would 

come 
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come Hationaryv I did not very carefuJIy notice the piiOfBers 
of ii)e thermometers iownrd this point} but as foon as they ap* 
peared nearly, ftatkmary, I obferved them with tJiegveateftaU 
(ention for near half an hour* 

The thermome* To (Uftinguidi the threo thermofiieters I {ball call that neareft 
tcrs dittinguift. boi|mg water B, that wthe centre and tiiat neareA the 
***• coldVater D. 

The following are the progrefs and refidts of an experiment 
made the- Sdih of 4prth lS04ib the temperature of the air being 
76^ of Fahrenheit, 


T9b«)late4 f** 

fults* 



Tsmgera* 
ture of the 
hot water« 

Tempera- 
ture marked 
by die ther- 
mometer 3* 

Tempera- 
ture marked 
by the dier- 
mometer C. 

Tempera- 
ture marked 
by the ther- 
mometer D. 

Tempera- 
ature of the 
cold water. 

H* m. 8* 

Degree}! 

Desreesa 

Dttgreet. 

Degrees. 

'Degree^! 

J 52 }5 

212 

im 

330 

105 

• 32 

r-53 30 

rsxf 

leaf 

131 

105f 


-tr55 

T— 

161 

3311 

106 



— 

I6lf 

332 

J06| 


— 58 

— r 

m 

132i 

107 

. — 

2 0 0 


162 

\ti2i 

107^ 


— 1 so 


162 , 

] 33 

J07| 

. — 

— 4* 


162 

132^ 

JOoJ 

— 

— ff 

— 

162 

, 132 

106 

— 

— 9 

— 

162 

I32J 

106| 

— . 

— 11 

— 

162 

132^ 

1061 

.-r 

-h-28 ' 


J62 

1321 

106^ 

— 


yvcc-^unt of the Bt^fore I prt>ceedto exaipine mpre minutely Ihe rcfalts of this 
T fiiits that experiment, I will endeavour to (how thofe refults which it 
r.wed thrhypo- ^^*1?*^* exliibitbd^ on the fupppiitiQn that heat is propa- 

riicfis of heat gated^ evon ip the interior el foiid bodies^ by ra4i£fiiQJU eina«r 
thro^r^*^ "*‘*"8 fro® furface^ pf (lie p^tiolp* coippofing 4jie(b 
^hy. radiatio^ bodies* 

On this fuppoQdon we neceflarily conQdesthe parltcles 
The paroles of that compofe bodtes as|>erng^/i^r^e/rqei cech^/ter; and even 
folid bodies ve (q preliy conlidenfble diftanpes compared wHh: Ate dtamelers 
of ihefe particles; bet there is nothtpg repegmini to the tfd^ 
^ milTton of this fuppo^sop; the cpintpiry^ tbertt ^re 
^vphenomena which apparently indicate that nil tlte ijoliid h|odits 
yith whidi we are acqeaiptbd are iiius formed* 

J Ta 


distant fwtt 
each oche^^ 
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to fee wwv by wbat law heat would be propagated !ft d foKd *hc foiid cy- 
oylifider, let us reprefent tbe awet of this cylinder by a right tq'uf-dif- 
Knc A E, VH. Fig, i ; (fee our laft number) aud let its tant pariicks, 
begin with fuppofing that tlie cylmdercontiiVs of three fartidea 
of matter only^ A C placed at equal diftances in that line. 

Let tts farther fuppote, that the escLremity A^f the cylinder •^and the ex* 
IS conftantiy at the temperature of boiling water, white 
other extremity. E, remaiiis kivartably at the freezing point, freeslng^tein* 
By an experiment, of which I have already given nn ac- peratures. 
count to the clafs*, I found that when two equal bodies, A B, die particle"^"** 
one hotter than the other, are Kblated and placed oppofite would have the 
each other, the intenfities of thieir radiations Ure fuel), that aj[m^raiurc- 
third body, C, placed in the middle of the fpace th^t fe^arates A body midway 
them, wll acquire a temperature by the fimaltaneotts aflion 
of thefe radiations, which will be an arithmetical mean be* the mean heat 
tween ihcyfe of the two bodies A and B. ladiation. 

From the refult of this experiment we have ground to con- 
dude, that if the cylinder were compofed of three partides 
of matter only. A, C, £, tlie particle C, which is in the mid- 
dle of the cylinder, mud neceflkrily have the arithmetical 
mean temperature between that of A and that of £, which 
are at the two extremities of the cylinder; that is to fay, be- 
tween 212^ and S2® of Fahrenheit, which is 122®* 

Now let us interpofe between the particles A, C, and £, Suppofetwo 
two other particles BD, and fee whether the introdudion of j 

thete two particles will make any chaise in the temperature 
of the particle C that occupies the middle of the cylinder. 

If the particle B be placed in the middle of the fpace com- Thefe would 

prifed between the exlremily A of the cylinder and its middle, 

^ ^ ^ , r . temper- 

C, it ought to acquire a mean temperature between (hat of the ature between 

extremity A of the cylinder, and that of the point C, namely 

(hat of 167^, the mean between 212® and 122®; and if end par- 

particle D be placed in the midft of the fpace comprifed be- 

tween the middle of the cylinder und its other extremity, £, 

this particle ought to acquire a mean temperature between i 

that of the middle of the cylinder and that of Us extremity £ ; 

H ought then to have th temperature of 77®. ^ 

From Ibis new airangemmit^ the particle C, fitoate in *be 
middle of the cylindcTf will find for its neighbours on one fide i;er tJbe^tenJ’ 

* Aeraure, 


Sea eur loamal, 13C* 
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the particle B, at the tensperaiure ef 167®, and on the oilier 
the particle D, at that of 77^« The point in queiiion is» wh^ 
ther the prefence of two particles wiU make any change 
in the temperature of the particle C, or not* 

Mf that miadie In the dtR place it is evident, that if the calorific influaicea 
pjitjcic, particle B on the particle C be as efficacious in heating 

itj. as the frigorific influences of the. particle D be in cooling it, 
the temperature of the particle C ought not to be changed. 
Butexperience has fliewn, that, at equal dillances and equa) 
intervals of temperature, the calorific influences of hot bodies^ 
and, the frigorific , influences, of cold bodies, are exactly equal ; 
and as thediflapee from B to C is equal to the diflancefrom D 
to C, while the interval of temperature, between Band Cre 
45®, is thelatne as that between p.andC=s45®; it is>evident 
that the temperature of the particle C» which is in the middle 
, i of the cylinder, can be no way afie61ed by <the introdu£lion 

of the intermediate particles B and D. . 

And by the fame By the fame way of reafonifig may be proved, ihatAwl^ 
reafmi it would trodudion of an indefinite number of intermediate . fljjBW fes 

not be changed , • , t . . 

by other parti* woulu produce no change in the temperature or the of 

cles imerpofed. the axis of the cylinder, or in any part of it; and if the hitro- 
doi5lion of an indefinite number of intermediate particles make 
no change in the flate of a thermometer placed in the middle 
of the axis of the cylinder, we may conclude that the tlicr- 
niometer vk'ouid remain equally fialionary, if the number of 
intermediate particles w^ere increai'ed till they had that proxi- 
mity to each other which isneceflary to conflitute a fblid body. 
Jf, in (lead of a Angle row of particles in a right line, there 
were a bundle compofedof an indefinite number of fuch rows 
placed fide by fide, forming a folid cylinder, the temperature 
in ilie. different parts of the line A E would remain the fame. 
But the temper- From this reafonlng we may infer, that the temperatures of 
different parts of the cylinder fliould decreafe in arilhmeli* 
cal progreflion from one extremity of the cylinder to the other, 
from one uarti- |g evident, that Ibis law of decrement of temperature 

arVnmTci'lrYro^ could take place only in the fingle cafe of the furface of the 
grciTion. ^ ^ cylinder being completely ifolated, fo as to be no way affected 
«^^y^when^dC a£lion of furrouoding bodies, which is abfoltttely im- 

Iblid is icmoL^^pofllble. 

^ circumftances under which the experiments wefe made 
Out experiments / 6 very different from ihofe here taken , for granted. The 


from one uarti- 
cle to anoHher in 


antnmeciclrY 
grclllon. ^ 


t-v’ evnn 
This is truei , 

only when tlL 
lolid is icmoLe^poflll 
from other ^ 

bodies. ■ 

Out experiments Jf G \ 
are Jvvajs 



ON HEAT AND LIGHT* 


159 


bodies )ve fubje£^ (a experiment are conftantly (urrounded on 
all (ides by (he air and other bodies which a£l on air inliruments 
conlinuallyi and often in a very perceptible manner ; and we 
can never hope to ifblate a cylinder fo completely that theap^ 
parent progrefs of heat in its interior fiiall perceptibly obey the 
law we have jud difeovered* In common cafes it deviates wide* 
ly from this law. 

As the caufes of this deviation are well known, we will fee Atipreclation of 
whether there be no means of appreciating their cflfefls. 

. The furface of the cylinder being furrounded by the atmof^ 
pheric air and other bodieSj all which are of a known and fen- cylinder^ 
iibly conAant temperature, we may determine the comparative 
effeds of thefe bodies on the different parts of the furface of 
the cylinder. 

In thofe parts of the cylinder whidi are hotter than the air 'by cooVing 
and other furrounding bodiesi the furface of the cylinder will 
be cooled by the adion of thefe bodies; but if one of the ex- pare* 
tremities of the cylinder be colder than the atmofpberic air, 
thofe parts of the cylinder which are colder than the circutn- 
ambient fluid will be heated b) its influence and that of the fur* 
rounding bodies. 

-We will begin with examining the cafe where the coldeft extre- 
extremity of the cylinder at the lame temperature as the fur- be^^Jc^hcTem- 
rounding air. Let us fu[)pofe then, that the experiment with perature of the 
boiling water at the one end and I’reczing at the other be made hotter^ 
when the temperature of the air is at the freezing point, or 32^ 
of Fahrenheit. 

In this cafe it is evident that the furface of the cylinder mu A —the furface 
every wliere be cooled by the influence of the furrounding 
mofphere. The queAion then is to determine the comparative 
elfeds, or the relative quantities of refrigeration or lofsof heat, 
that mu A take place in the different parts of the cylinder: and in 
the ArA place it is clear, that the hotter a given part of the cy* 

Under is, the more heat it muA lofe in a given time, by the in- 
%ence of the furrounding cold bodies ; whence we may con* ^but ipoft fo 
c^Ufde, that the refrigeration of ihe furface of the cylinder by 
the influence of the air ".nd other furrounding cold bodies mu A 
neceirantly.diminifl] from the extremity of the cylinder A, which 


is in contaA with the hot water, to its extremity £, which is ^ 
in contact witih the cold. / 

From^ 



• 1 ^ ' 


Count Kiw txiisitHcEKti 


The chari^ is 
111 proportion 
to the difference 
•f temperature, 


Whenoc the 
temperattues 
will be in ge* 
ometncal pro- 
gicffion, 


—and may be 
reprofented by 
Che logarithmic 
Curve. 

Figure con/ 

ffrufted.X 


Cotnparlfon of 
the theory wit! 



From reaiening wiitdi Appears incdhtrovertiblef and 
the refulisfof a great nt^mfaer 6f experimetits appeitr townfirai*; 
it has been that the celerity vHtti wtiich a hot body 

placed In d^odM aiediditilft cooled, is always proportional to 
the dtdSNtdtCe betiiNBaii the teinperature of the hot t>bdy and 
that of Ihemdiiktu C^idideriag this conctufion as eliabHfiied, 
we may determine a prioti what ought to be the gradation of 
tempetatmes ifi4he interior of agtven folid cylinder furrouhded 
by air> oneientinmijfey of whieb is in contafi with a coniiderd^ 
ble.body of boiilftg water^ whbe the Other is fimilarly in con* 
tadwidi coUi . ' u 

We have fteti tliat> if the foiAice of the cythtder were per^ 
leftly iMai«d, ebOehn:rei^ of tetapeiature from the hotteft 
extremity of the cyGnder A to its other extremity £, which is 
in conta^ wMi cold Water woUM be fa afithuMtkal progreffion^ 
and it hat jntlbeeh (bewn, that the decreafe muft necelTarily 
be acoeleraied by the adlkdl of th# air and other f“ flli|/|ff *^nig 
coldbodiet, 

But the aocderatioH of the deoreafe of tempeiiM|^HK 
parts of the cylinder whiChare towardtbe cold 
pending on the adtfon of the air and lurroundiiyii^M> 
be continually dkninifhmg in proportion as tbh temperatuiMf 
the furfaee of tbe cylinder approaches nearer and nearer wiA 
of the air; and lienee we may conclude, that if a given nttrn* 
ber of points at eqaal diAances from each other, be taken in 
the axis of the cylinder, iiie temperatures correrponding with 
Ihefe points will be in gcameirkal pro^rejftm^ 

We may reprefetyt the progrefs of the decreafe of temper* 
sture by Fig. 2. PL VII. 

In a right Hue A £, re|n’ereAting the axis of the eyfiader, if 
we take the three points B, C and f>i fo that the diAanceS 
A Bji BC, C O, and D £ Aiall be equal; and, erefimg .tbd 
perpendiculars AF, BG, C H, DI,£ K, take AFss thetem- 
peratttre of the cylinder at its extremity A, BGsaits tein*» 
perature at the point B, and fo of the reA ; (he ordinates A f>, 
B G, &c, wilt be in geometrical progreffion, while their 
relpondiflg abfcrllbs are in arithmetical progvefBoti; cod|||^ 
quently the curve P Q, which (ouches the extremilies 
Ihefe ordinatesmuA DecelTarfly be the hgonfknde curee. ^ 

We will now fec, whether the refuks of explwtaenl agree 
Wkb the theory here exhibited or not. 
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Ta form oar judgment with eafe« and as it were at a 
fiance* of (he agreement of our thie(»rjf with therefults of tha 
experiment, of which Lgave an at the beginning Oif . 

this memoir^ we have only to reprtfellt Ibefe refulU by a 
gure ttt the following manner. 

On the horizontal line A E, reprefenting tlie axis of ^ 

the cylinder employed in the experiment, we will take three *,g®“ya*curvej*^ 
points, C and D; one^ ^C, in the middle of Ihe axis* being its ordinates 
ihefitnation of the central thcritit^meler, tberother two, B 
D, at the intermediate points which the other'll wo thermev ed. 
meters occupteti between the middle of the axis and its two 
extremities. v' : • iv 

Ereaing the perpendicalars Ay; Bg* Ok, Di, and on 
the points A, B, C* D and £$ and taking the ordinate A/=:= 

212, the temperature of botitng water; Bg=sl62, the tem* 
peratnreindicated by the thei^meter B; C Ass 1 32|, the tem* 
perature indicated by tile thermometer C; D i=:106|, (he 
temperature given by the thermometer D ; and ladly, E^=s 
32* the fempembsre of water mixed with pounded ice; a 
curve, P^Q, palSng through the points/, g, A, », k, ought to be 
the logarithnici that is, fiippohng the temperature of the fur* 
rounding air to be condanliy at (he temperature of melting ice 
during the experiment. 

But the experiment in qucdion was made wdien the temper- The curve has t 
alure of the air was at 78® F. coofequently, reckoning from l*'**jj*^y^®®”^** 
a certain point, taken in the length of the cylinder, where the ^ 
temperature w^as at 78^, to the extremity £, the influence of 
the furrounding air, inflead Of cooling the fdrface of the cy- 
linder, heated it; and it is evident, (hat the curve PQ mull 
neceflarily in this cafe have a point of inflexion. 

In fa^ it appears on' a iimplO infpedlion of the flgCre* that it h llkewirc 
the carvel P Q has a point of inflexion ; but w® feo lifaswife, 
that this curve is not regular. That branch which is concave 
toward the dxfs of the cylinder is not flmtiar to the adjoining 
portion of thecufve, of equal length, ^ich is convex toward 
that axis; asit^ooghk to be according to our theory; and even 
the^mrt of #e^Qarve wl ich is convex toward the axis A E, 
diffdOi fenBldyfroni the^ kgarithnii^*, pfli^tcularly toward its 
exlremity^"?!:’ ■' J' 

lt*oil|gbtimde(ra^ to difler from this curve, asfar astltede^ t'he deviation ta 
v//o7W ^ our thermometers ere'^e^me; but the deviation be- 

VoL. XII.— NovXIIWX, 1805. M tween fedts of thcr- 

« fOPaxteri. ^ 
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It differs greatly 
from the logar* 
icirmic* 
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tween the ordinates A/ and indicated by the refelis of 

the experiment in cjaef^idi* appears to me much too con5d«- ^ 
aWe to be afeHbSd'fbli^d imper^^ of our thermometers. 

To fee bow Jtr tbe^^rve P Q differs From the logarithmic, 
wo have only to draw n logarithmic curve RS through the 
points g and i, and we flisli find, that the ordinates correfpond- 
mg to the points 


A, B. 
JnftoH of being 212® 16^ 

Will be - r99.55 162 


C. 

132“! 

131 

rij 


D. * E. 

I06| 32® 

1061 86.33 


Afcribcd to 
being a 
bad oondu^or 
of heat, 


— and the cur- 
rents in the cold 
water being in< 
confiderable. 


Experiment to 
prove this. 

When the cold 
water was brifle- 
ly ftirred the 
Ot*:rAiometers 
were all greatly 
deprefli^. 


Difference 0 -*1^ 0 +54.-35 

The very great difference that exifts between the temper- 
atureoF ^d water, and tb^ indicated by the rcfolts oF tlie 
experrmejit for the extremity of tlie cylinder which was in 
cuntad with this water, led me to FuFpea, that it was owin^ 
to the quality pofleffed by wat^tTnin common with other fluids, 
wbicii renders it a very hid ^mkn^or o/ heat. 

If it be true, as 1 beliare I have elFcwhere proved, that 
there is no Fenlible comiliunication of heat between thel 
ceht particles of a fluid, from one to, another'; and Amt I 
propagated through fluids only in confequence of a mo^^ Cf 
their particlesi refu! ting from a change in their fpecilic g^ity, 
occalloned by their being healed or cooled : as the fpecific 
gravity of water is very htlle altered by an inconiiderab.le 
change of temperature when this fluid is near the freezfng 
point, it might have been forefoen, that a folid body a little 
heated, and plunged into cold’ water, would be veryffowljr 
cooled. / 

The refult of the following experiment, which I made vi^ih 
a. view to elucidate this pointiwlll put the fad out of all doubt, 
three thermometers being flationary, one, B, at 162*, 
ihe/focond, C, at 132|*, and the third, D, at ld5|^, the 
waterin contad with one of the extremkiei of the cylinder' 
being Qill boiSng, While the water mixed with pounded ice, 
which was ineontad with the other extremity, , was conflanily 
at the lemperitumof tnelting ice, 1 began ^^'Jftiif^his mixta 
of ioe and water plenty brifts^: with a bttle 1 c| 

tinued to flir it uiiihteriNlitedlyi^ atvd with 
for two and twenty minafos. ^ ^ 

1 had fcarcely begun Ibis ^pei!ltjOD, when I had a proof, 

‘ ; that 
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^ that my conjeSures were well founded. The mercury in the 
iBree Jhermometers immediately began to defc^d^ and did not 
flop till it had fallen very confiderably. 

The thermometer B fell from I62« to 152^ ; C from 132^® of 

to 11 1 ; and D from lOGp to 784,®. ^ 

Oil comparing thefe numbers we find, that# in confequence 
of the agitation of the cold water for two and twenty minutes# 
the thermometer B fell 10® of Fahrenheit's fcale# the tbemo- 
iiieler C 21 and the thermometer D 28®. 

An (bon as 1 had ceafed to Air the cold water# the three 
thermometers began to rife, and atibe,end of a quarter of an 
hour they had all reached the points from .which they fet out 
at the beginning of this operation# 

To facilitate the com^iarifon.of tberefults of thefe two ex* Dlagnmi to rei 
perimcnU, one made with cpid water at reA# the other with 
the fame water in a Aate of conAant agitation# I have repre- 
fented them in Fig. 4. 

In the firA place we Aiall learn feveral very intereAing fe^ls Obfervatiow 
by Apple ini^edion of this Agure; we Aiall fee# lA* that the 
progrefs of refrigeration, or, to (peak more properly# the de^ 
ereafe qf iemperature, was every where much more rapid# when 
the cold water in contact with the extremity of the cylinder £ 
was agitated whbn it was at reA. 

2dJy. That the extremity of the cylinder in contaA with 
this vyatec was conAantly near 30® colder in the ArA cafe than 
in the fecond. 

3dly. We Aiall fee# lhatfthe progrefs of refrigeration was 
every where# and in both the experiments# fuch nearly as our 
theqry points out. 

liie of temperature toward the middle of the cy« 

wis lo feglllar^ that it is more than probable tbe^ appa« 

M E if rcgnb^ries toward the two extremities were occafi^^ 

,imy by the diiSoulty which a body of water finds in conasu* 
nicating Us mesqi ’lemperalure to a folidi tvith which it is in 

being to eontinudnKttimt erfring tpJtsjtg^^ 

,J[t haila great advantiUM over the cold water# wbiph «f- 

wasiU i;;^ t^mmunicaiinf. to theaxtre-ing^^t^iij^^ 

stoity tlie^^Itnder it touched; biU i have found# notwUh- wi%. 

Aanding this# that by agiti^||i^ ^e bpifcng water Anmgty with 
a quill# and particularly the quill I made a rapid 

^ M2' firi^liptt 
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friction againft the eitd of the cylinder ioimerfed in the boj^^ ^ 
ing vi-Rter, I ecc»fioned all the t^^momelers to rife feveral 
degrees. ' 

Till! oifl'ercnce^ It may perhaps be imagined, at.frrfl fight of the refultsof 
perimr nt and the experimcut, that, as Ute three^lhermomelers, which occh- 

ch«oi7 confirm pied the parts aboot the middle of the axis of the cylinder, did 
Its truth, hot indicate a decreafe perfectly agreeing with the theory, the 
theory itfelf-cannot be true r but a moment^s reflexion will 
(how, that this inierence would be loo Iiafiy, and that the dif- 
ference between tfie theory and llie refults of our experiments, 
far from proving any thing adverfe to the theory, ferve on the 
contrary to rbr^der it more probable. 

hecaufe the The rofults of fuch expefimenls can never agree with the 
th^rm^eters c^icept the divifions of our thermonjolers be perfeflly 

afcdefcftive, accurate: but it is well known to ovciy oul-, who has any 
knowledge of natural philofophy, tliat thedlv jlions of our liior- 
niometers are defective. 

To improve this One of the objects I had in view in the experiments, of 
objea*ofimp<fr* ^ have juft given an account to the clafs, and in feveral 
tancc. others, which I intend to make wiiliout delay, is to improve 

the divifion of the fcalc of the thcriTif.ineter, in order to render 
this valuable inftcument of gre ater uldity in the delicate in- 
veftigations of natural philetoph). 

The air thermo- It appe ars certain, that tlic •' cT<*..re of the elaftlcity of air 
tobrauenSr netirly propoutonato to the increafe of 

10. temperature, than the dilatation of mercury or any known 

fluid ; confcqnently it is the air lITeimometer we ought to en- 
deavour to improve, and vvlncli muft ultimately afl'ord ns the 
^ moft accurate incafure of heat, that it is poilibie for us to 

procure. 

Sec,t. IV. 7 'Ae lhat produced in a Body by a giten 
^ folar Light u the fime v^luther tht Ruy^ bfi denfir or 
convergent, parallel, or divergent^ 

Whether the In all cafes where the rays of the fun ftrike on the furfacc 
^cnei' ted^^b opake body wlfhout being reflcflcd, heat is generated, 

the folar fays be and the temperature of the body is increafed ; but fs the 
of heat thus excited ahvaysin proportion to the qiian- 
fbrbe'd. ^ \ difappeared } This is a very intercfiing 

f quefiion, and has not hitherlo (blind a dccifive folution. 

When 
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, ex- It does not fwl- 


When we condder the prodigious intendly of Ihc heat < 

^cifed in the focufsof a burning mirror or a lens, we are lempicu 
to believe, that the concentration and condenfation of the folar^o/»ftf power of 
rays increafe their power of eliciting heat! but, if we examine rays to pro- 
the matter more cloIeJy, we are obliged to confefsi that lurh jnereafed by 
'an augmentation would be inexplicable. It would be equally condenfing 
fo on both the hypothefes, which natural phitofophers have 
formed of the nature of light ; for, as it has been proved both 
by calculation and experiment, that two undulations in an 
elafiic fluid may approach and even crofs each other, without 
deranging either their refpedlive directions oi\velocities, if 
light be analogous to found, we do not fee hOw^he conceiw 
trillion or condenfation of thefc undulations can increafe their 
foice of impulfe: and if light be a real emanation, as its ve- 
locity is not altered, either by the change of dircClion it un- 
dergoes in palling through a lens, or by its reflection from the 
furface of a poinhed hod), it feems to me, (lisit the power of 
each of Iheie particles to excite or imparl heal, muff ncceffarily 
be the fame after refraction or reflection a.s before ; and con* * 
fequently, that the heal l ommunicalcd or excited muli be, in 
in altcafes, as the quantity of light abforbed. 

1 have jufi: made (ome cxperimenis. which appear to me to F.xperjmcntai 
cflablifh this faCl bcyoml queftion. invcftigaiioa. 

Having procured from the optician Lercbonrs iwo ]( ' fv,-? convex 
/ -il l , i’ I . j • 1 1- I / i- • . > perfcdUy 

perfectly equal, and of the lame kind of glafs, fo M n.t lK, m rmiihr were 

diameter, and of eleven and a half focus, I expt^^d i:'t mi at llie «fc‘b 
fame time to the fun, fide by tide, about noon, when tiie fky 
was very clear 5 and by means of two lhcinio:iK’ierv, or rclcr- 
voirs of heal, of a peculiar confifuCtinn, i dcicimined the re- 
lative quanitlics of heat, that were excited in given limeys by 
ihe folar rays at different diftances from the fori <»f the lenles. 

The two refervoirs of heat area lort of flai boxes of bra Is to throw the 
filled with water, fliach of thefe refei voirs is three indues un J*,” tin 
lines and a half m diameter, and fix lines thick, wmll pobfiied c ntainmgwatct 
^Kternaily on |dl »ides except one of us two flat f:icc>', which 
was blacken^ liy the fmoke of a candle. On this face the faces, 
folar rays were received in the experiments. 

£tlch of thbfe refervoirs of heat weighs when empty 6850 
grains; wmre, (near a pound troy), and contains 1210 
|g;rflliins of water (about 2 gz* 2 dwts. 

Taking 
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Taking the capacity of hraf^ for beat to be to that of watg;;. 
as 0,11 to 1, it app^i^ that the Capacity of the metallic box, 
weighing ^6ijr0 ^ i« equal to the capacity of 622 grains 
of water ; an4 addh^ this quantity of water to that contained 
in the box* (hkB have the capacity of the refervoir pre- 
pared for the ecu^riments ecmal to that of 1932 grains of* 
wtter. 

The tempera- Each refervotr is kept in its place by a cylinder of dry wood, 
tcrin each w« extreniilies of the cylinder being fixed in a fockct 

Aewnbyather-in the center of the interior face of the refervoir; and each 
refervotr has;4Ul^ pcA, ihtpOgh which ids filled with water, 
and which tmet^teeeivet the bulb of a cylindrical thermometer, 
that €Oin|>letely acrtf^ihe infide of the box in the dU 

redlion of iits diameter, V 
Thetwo refervoirs of heal, wiUi their two lenfcs, are firmly 
fixed in an open frame,* which being moveable in all directions 
by means of a pivot and a hinge, the apparatus is eafily di* 
rented toward the fun, and made to follow its motion regularly, 
fo as to keep the folar fpedlra conilantly in the centers of the 
blackened faces of the refervoirs. 

In order that the quantities of light paflTing through the two 
lenfes lliould be periedly equal, a circular plate of well po- 
liffaed bfafs, in the centre of which is a circular hole three in- 
ches and a half in diameter, is placed immediately before each 
of Ih^ lenfes. 

When the refervoirs of best are placed at different diftances 
from the focufes of their refpedive lerd*es, (he diameters of the 
folar fpedra, which are forined on the blackened faces of the 
refervoirs, are neceiTariiy different ; and as the quantities of 
light are equal, its denfity at the furfaceof each refervoir is 
inverfely as the fquare of the diameter of the fpedfum formed 
onIhBtrferface, 

^ „ ,, Esij^erimenth , 

{h this eKperiment the refervoir A w’as fo near the 
focus of the lens, between the lens and the focus, (hat die 
(oUKpots from diameter of the folar fpeftrum felling on it whs only fan inch, 

< the leofes were or 6 lines| while the refervoir B was adv'anocd fo fer before 
the focus, that the fpeQrum yvas two inches h dfecfiot^, or 
24 lines. 


SDometer. 


Light admitted 
tlirough equal 
"aperCures* 


Experiment* 
„With equal 
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^As the quantities of light falling on both were equal, the 
of the light at the furface of the retervoir A was to the 
deiifity of that at the furhice of the refervoir B, as the fquare 
of 24 to the fquare of 6, or as 16 to 1* 

1 imagined, that, if the quantity of iMt, which a given 
quantity of light is capable of exciting, depended any way on ' 
its denhty, as the dendties were fo different in this experiment,, 
1 could not fail to difeover the fa6t by the difference of time, 
which it would require to raife the two thermometers the fame 
number of degrees* 

Having coodnued the experiment tt}pre than an hour, on a 
very fine day, when the fun was near the meridian and 
Alone extremely bright, 1 did npt AQd,'that one of thorefervoirs 
was heated perceptibly quicker than the other* 


The deoAdes of 
thefe equal 

S Atities of 
twerethere« 
fore as i6 to f ; 


but bath the 
vefleis were 
heated in equal 
timea* 


Erperimetd XL 

I placed the refervoir of heat A Aill nearer the focus of the Experiment 
lens, in a fituaiion where the folar fpedrum was only 4J lines “ofthe***. 
in diameter, and where blackened paper caught fire in two or fpots were as 
three feconds ; and I removed the refervoir B Aill farther from 4i ^ »7* 
the focus, advancing it forward till the diameter of the fpefirum 
was two inches three lines. 

The denAties of the light at liie furfaces of the refefvoirs in The denfitlei 
Aiis experiment were as to I. * 

I’he temperature of the rclervoirs, as well as that of the at- ^ 
mofphere, at the beginning of the experiment, was F. = 

R. 

The refervoir *Af after having been expofed to (he a61ion of Thedenieft 
very intenfe light near the fixrus of the lens for twenty-four kfs^hcat 
minutes forty leconds, was raifed to the temperature of 80^ F. 

The refervoir B, which was much farther from the^|^s of 
Us lens, was raifed to the fame temperature, 80*^ F.^^littlc 
more quickly, t or in twenty-three minutes forty feconds* 

To raile ih^te nperature pf the refervoir A to 100® F. as 
30" it Watt neceflary to continue the experiment for one 
hour fifteen minutes ten feconds, reckoning from the cum- 
mencement of it ; but the refervoir B reached the lame tem- 
'"peratiifp^ in ope hour twelve minutes ten feconds. 

The progrefs of this experiment from the beginning to the 
end is exhibited in the following table : 


Increafes ^ 
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The general re- 
fults Ubulated* 




loereafei of Tem- 
perature* 

Tion^ken 

^ By A. 

By B. • 

From 54 a to 80® F, 

24' 40" 

23' 40" 

80 as ' 

7 43 

7 30 

85 90 

9 55 

9 0 

90 95 

13 30 

13 0 

95 100 

19 20 

19 0 

54 100 

73 10 

72 10 


Time of the ex- 
periment. 


Hence light does 
not give more 
lieat abfolutely 
by being con* 
denied. 


The rays virere 
convergent in 
the preceding 
experiments* 


This experiment wal began at T minutes 30 feconds after 
11 1 and flnlthed at 23 minutes 40 feconds after 12, the Iky 
being perfectly clear daring thfe'time. 

On comparing alt the refnlts of this experiment, we fee, 
that the refer voir A, which was plated very near the focus^ was 
more (lowly heated than the refervoir B, which was at a conli* 
derahlc diftanco from it*. The differences of time however 
taken to heat them an equal number of degrees were very 
trifling, and I think may be eafiiy explained, without foppo- 
dng the condenfetion of light to increafe (gu. diminifh ?) its 
faculty of exciting heat. 

In both the preceding experiments the folar rays (Iriking on 
the refervoirs of heat were convergeut, and they were even 
equally fo on both fidcs. To determine whether parallel rays 
have the fame power of exciting heat as convergent rays, i 
made the following experiment. , 


Experiment HI. 


When one vcflcl Haying removed the lens from before the refervoir B, I fuf- 

thc*p«allcl*ray8 dircdl rays of the fun to fall on the blackened face of 

of the fun with- the refervoir, through thS circular hole three inches and half 
•outiijip'^^on, I'j, in tlie round brafs plate, which had been conftantly 

placed before that lens in the preceding experiments. 

The refervoir A’ was placed behind its lens a:s in the former 
experiments, and at the place where the folar fpe^rum had fix 
lines diameter* . 

. 


^ Did not the elevated temperature of the fmaller farface (bfiain 
its power of abforinng heat, conformably to the known laws of heated 
bodies N. 


Having 
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Having expofed this apparatu* to the fun, I founds that the It was heated 
. refervoir B, on which (he direct rays fell, was heated fenfibly 
quicker than the refervoir A, which was expoied to the adicm'hy afpcarumof 
of the concentrated rays near the focas of the Jens. ^ ****•• 

The temperature of the apparatus and of the atmofpbere at 
the beginning of the experiment being 53® F. = 9'^ ^ K. the 
refervoir A required twenty-three minutes thirty feconds to 
raife it to the temperature of 80® F. = 21® f R; but the 
refervoir B, which was oxpofed to thediredt rays of thefiin, 
acquired the fame temperature in eighteen minutes thirty 
feconds. 

To reach the temperature of 100® F. r: 30® ^ R. took the 
refervoir A one hourand three minutes^ but the reG^voirB forty- 
feven minutes fifteen feconds only.' 

The following table will fliovv the progrefs of this experi- 
ment from tile beginning to the end. 


Increafes of Tem- 
perature. 

Time 

taken 

V 

By A. 

By B. 


From 53® to h'5® F. 

a' 2i>" 

r 

Of' 


63 

70 

4 . 10 

3 

15 


70 

75 

5 10 

3 

45 


75 

80 

5 -W 

4 

30 


80 

85 

7 0 

4 

45 


85 

90 

7 30 

5 

45 


90 

95 

10 30 

8 

0 


95 

100 

13 10 

10 

15 


100 

105 

20 0 

M. 

45 


53 

105 

! 81 36 

L 

62 

30 



General tefuMa* 


As a conliderable part of the light that fell on the leps before This diftcrence 
the refervoir A, was loft in pafling through it, it is evident, • 

that the quantity received by this refervoir was lefs than (bat pafling through 
received by refervoir B, which was expofed to the dire^ the lens, 
rays of the fun j and we have feen, that the latter was heated 
more rapidly Ilian the former. 

As we Imow not exadily how. much light was loft in pafting This experiment 
tltfottgh the lens, we cannot deterjnine from the relulls of this • 

experiment, whether convergent rays be more or lefs efficacious 
in expiting heat than .parallel rays ; bjut the difference in fhc 

timet 
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tiroes of heating was not greater, as it appears to me, than 
we might have expefted to find it, fuppoting it to be occafioned ^ 
folely by the di^rence between the quantities of light acting 
on the refervoirsA, 

The refult of tim following experiment will efiablifii this 
point beyond dembt* 


Experiment IV’'. 


E»p. 4 was Having replaced the lens belonging to the refervoir B, I 
made with equal adjufted this refervoir^ to fuch a ditlance between the lens and 
fp-ara i but the its tocus, that tlie folar was one inch in diameter ; and 

one b^ing luirfcw 1 placed tlic relervotr A at Ihe^liime dlfiance beyonds its 

the tocus was - * ^ 

formed by con- tOCttS* 

vergent vrys, the quantities of light ditefied toward both were equal ; 

wvw by di- diameters of the fpeSra, confequenily tlic denfuici' 

vergjni lays, of Ihc light that formed them, were alfo equal; there could 
be no did'erence between (he refulls of the experiments with 
the two refervoirs, except what was occafioned by the differ- 
ence in the dire&ion of the rays that lormed the r[)cctra. On 
one hand thefe rays were convcr^nit, and on the other divergent \ 
and I had inferred, that if parallel rays were in reality lefs 
efficacious in exciting heat than convergent rays, as fome phi- 
lolbphers have fuppofed, div€rge7it rays roufl be fiill lefs effi- 
cacious than parallel rays, and conleijuenlly much lefs than 
convergent rays. 


Ko fcnfibic dif- Having made the experiment with all poflible care, I found 
curicd^ no fenfible difference between the quantities of heat excited 

in a given lime by divergent and convergent rays. 

The following are the particulars of the prugrefs and refuHa 
of this experimenf ; 



Froin 




ART OF BLMSriVtQ ROCKS. 


171 

From the refults of all the experiments^ of which I haF*e Condufion. 
juft given an account to the clafs, we may conclude, that thiij^J 
quantity of heat excited or communicated by the folar rays is' asthe ah- 
always, and under all circumftances. as the quantity of light 
that difappears. 


III. 

Ohfirvations on bJafiing Recks ; with an Account of an Improve* 
vicntt whereifj/ the Danger of accidental Explofion is in a great 
obviated^ Mr. WitLiAM Close. From the 

Author. 

To Mr. NICHOLSON. 

SIR. Dalton, Oa. 14, 1805, 

The method of confining the force of gunpowder by aco- Prafliceof blaft- 
lumn of land in blafting rocks, has been feveral years uied in YumeU, ^ 
this part of Furnefs ; At one time it was a very favourite prac- 
tice; but at prefent, from the prejudices or indifference of 
workmen, or on account of the little danger attendant on ^ 

working lime-flone in the common manner, it is lefs in 
repute. 

About two years ago. Tuppofing this method not to be ge- noticed by the 
nerally known, I drew up a tbort account of it. and fliould 
have fent it to the Philojbphical Journal, had it not been con- 
noted with other milcellaneous matter, which I had given to 
Mr. G. Aftiburner, the printer and proprietor of a new edi- 
tion of Weft's Antiquities of Furnefs, in whicl\ work the pro- 
cefs is deferibed and recommended 

' Though 


# Tift paffage alluded to is as follows, p. 393. *« In breaking 
vp the loofe vocks upon Baycliff Haggs, after the enclofure of that 
common, a fn^ithcd of employing fea-iand, for the purpofe ot eon- 
fining the force of gunpowder in blafting, was uled, which does 
not appear to be generally known, though it was undoubtedly in 
ufe in other parts before it was adopted in Furnefs. The method 
it briefly this : After the excavation is made in the ufual manner 
with a borer; the charge of powder is poured in ; and a priming- 
ffraw of a proper length, filled with powder, it placed in the hole, 
having one of its fides nepr the lower end fo cut or shinned, that 
' . .the 


IMf&OtrSMEMT IN THE 


Impfovement by Though this method is undoubtedly worthy of much atten^ 
tion, and may often be employed with advantage ; yet, when 
a ilrong charge is letplired, the common mode of (lemming 
muft be frequently adopted : 4nd as the danger in blading 
fome kinds of fb^i in Uils manner is very cODficlerable, 1 am 
happy to notice an eafy method of obviating one principal 
, caufe of accidental e)^ploSon, which was communicated to 
me in converfation, a few days ago, by Mr. Thomas F'iilier, 
a refpedable date merchant in tins town, who a(Fures me it 
is infallible, 

G«s(es of aeci« The principal danger attendant on blading, does not con- 
in (lemming upon the charge of powder, but in the fuble- 
from the fridion quent operation of drawing the iron rovl, called the pricker, 
the iron which makes the channel for the priniing-ftiaw. For 
JrawiHg. the collifion of the (irft fragments ef (leinming fornciimes prei 
duces an explofion, yet this may be prevented by provio^l^, 
ramming a dhick cap of paper, upon the powdt giaiij y 
beating lightly iipon the firft pieces of (lone that arei|i|Pwn 
into the hole ; or by u(jng (hole materials for (leinnnng vvhich ^ 
arc leaft liable to give fiie, fuch as rotten (lone, pieces of' 
broken pots, or burnt' clay. The pricker being hard ‘prefl'cd 
^gaind the rock, and in clofe conlad with the Acmming, can- 
not be dra^n out by hand, but muft be flruck out by the 
bammer, a (Irong piece of iron caiUcl a jumper being (irtl 
placed in an eyh of Ibop.in the higheft pari of the rod, to re- 
Oeivd'the blows which are given in a proper dire6lion to bring 
it out of its place. Now it frequently happens, that the fric- 
tion of the loweft part of the pricker againtl the rock fires the 
powder at the firil.or fccond blow. When the explofioh 
happens at the dhkimcncement of (lemthfng, the workman 
generally fudains dbty a partial ihjury ; but when in this part 
of the operation, vvhen the powder exerts its whole force, and 


die charge may partially ccpmunicate wiUi the iipalf ai<ieikding co^ 
lumn contained in the draw. After. this^ the Temaii).«<ler af the ex- 
cavation is filled, by pouring in dry (ea-('and$ and the explolion.is 
given, firing the priniing-llraw in any of ).|ieyarious ways Which 
are in common , gfe. 

This method has been found to be equally'efFe£ltial as ftem^ 
|ning with any of the common materials; and where It can be ufed 
IS certainly preferable : it is faferi fiinpler» and more exmditious.** 

dnperfea 
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i!ir|>erres pieces of the Hiatfcred rock in various dIre6lioi38« fait 
'life is in the uiinofl danger, and his (ituation is truly ierriblf 
to contemplate. 

Mr, Fi flier's improvement is to obviate tfaU danger; and Mr. expe- 
confi/ls in the ufe of a copper rod^ or pricker, for making of cop^7 
the iiole that receives the priming-^ftraw, inftead of one of which is not 
iron, which before was every where employed in this part of ^ *** 
the kingdom. 

In our converfation Mr. F. obferved,* that fome years ago, 
three explofions happened on drawing the pricker, in the 
courfe of a fortnight, at his quarry in Kirkby Ireleth, and that 
one man being killed and two wounded, feveral of the work- 
men were fo intimidated, that they refolved to abandon a 
place which they confidered as declined to daily misfor- 
tunes. It therefore became highly requifite, on feveral ac* 
counts, to attempt fome innovation for the fecurity and en- 
couragement of the workmen. 

In meditating on the caufe of theie accidents, it appeared 
mod rational to attribute them to the iron pricker giving fire 
by it<i fri<51ion agairifl the rock, which was a hard blue rag^ or 
whiriflone : and from this view of the caufe it was inferred, 

(hat iafety would accrue from the ufe of prickers conliru6ted 
of Ihofe metals which are leaft difpofed to give lire with (lone. 

Mr. Fdhcr, therefore, determined to make trial of copper, 

and having procured fome implements of this kind, found 

them to anfw'er the purpofe completely. It is now upwards Ample »peri- 

of three years fince this improvement was adopted, and as no 

explofion has happened at the end of Itemming in that period, 

at an extenfive work wiiere accidents were frequent before, 

Mr. F. condders the means as almull infallible ; and is happy 
to tiiink that many fad misfortunes iiave been thereby pre* 
vented. / 

Thtre are eleven (late quarries in Kirkby Ircletb, at feveral 
,of whi^ libpper rods are . now uled ; but at others they are 
not. At one of thefe a fatal accident happened a few months 
ogo, from an explofion upon drawing a rod of iron. 

..Prickers, fuch as ufed by Mr. Fifher, are eafily condr udled : 

A piece* of copper being forged to the proper length, fiiape, 
and ihicknefs for the body of the tool, is rivelled to an iron 
head; or loop limilaF to that of the common pricker. Thefe 
implements, lyhen carefully ufed, are nearly as durable as 
tbofe of iron* 
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Adiniatige of ^ Sand has not hitherto been ufed in blasting at the flale qnar* 
Kirliby Ireleth. The maflers do not think it would* 
fttcceed well in their work. I have frequently feen Mr. Fifher 
ufe it in Hmeiinne rock near town : He fays it anfwers the 
befl in deep hdbi« but thinks that fand is more liable to be 
Uown oat than flemming. He alfo confiders it a$ the mod 
advantageous method of working* in driving levels* and blad- 
1% IQ firm rock* to ufe drong charges of powder^ (hat the 
fionO may be fufficienlfy broken by the escplofion to be re- 
moved without much atSdance from the hammer* the pick* 
or the fever : For thus the. expedition of the work amply com- 
penfates for the fmall addition which is requifite to a common^ 
charge of powder. ♦ 

I ami Str> 

Your\s refpedfuliy* 

WILLIAM <:lOSE. 


IV- 

D^iptien qf a portable Steam-engine, invented by Mr, Samuel 
Clego*, David Street, Mafwhejier, * Communicated by 
Mr, Dalton, Lecturer at the Royal Injlitutim, 

Slelblpdon of a This engine is worked by four copper valves in the uTual 
mamMjV# but the mecfaaDifm for lifting them is very difTerent 
from any bltherlo made; there are no levers employed for 
opening the valves* and there .it no hand gear. The dcaia 
and exHaullion valves are on the fame horizontal plane ; thofe 
which are vertical to.esmh other, are not like Ihofo hitherto 
nfed* both expofed Jfo^the fteam or both to a vaoaum ; but by 
a fimpfe .contrivancO' in thei^ conftfodtion of die nozdesi the 
one is ^pofed to the (team while the other has a Gommanica« 
tion with the cotidendng vefleJ. From what has been laid it 
may eafily be perceived, if the two valves be oonikeAed to- 
gether by a ftraight rod, that when this rod is Kfied, the pref- 
fore is given to the pidon* and the maidiine is put into ibOf* 
tion; and if the other two valves beconneded in Ibe fame 

♦ Late apprentice to MeflTrs, Boulton and Watts, ^ Simdng- 
ham. 
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manner and lifted at an appointed time, the engine is kept in Defcnpdon of a 
motion. The outfide appearance of thefe nozzles may be feen ™®*"*fi“^** 
at Fig. 1, c c, (Plate IX.) The rods which come out of the 
bottom of the nozzles are kept tight bjr vertical jftafiing-boxes, 
the whole of which is hid in the drawing Jj}’ the frame. 

The next is a new contrivance for producing a rotative l»o» 
tion from a reciprocating one, which not only timplihes the 
machine very much, but exceeds the power of the common 
crank by nearly one-third, in confeqiaence of its ailing always 
perpendicular to the radius of the wheel, which is done by a 
rack and wheel, as reprefented by Fig. 2 and 3 ; and as this 
plan of connection di tributes the power uniformly, of coarfo 
a much lighter fly-wheel is required, which dimiaifUea 
friction,* &c. 

Explanation of the Plate. 

Fig. 1. is a reprefentation of the engine: one of the cor* 
ner columns A A, which fupports the frame, ferves like wife 
for an eduCtion-pipe and condenfing-vellel : the air*pump £ 
is joined to the condenfing veifel by the pipe D ; e is the pif* 
ton-rod, and though It works out at the bottom of the cylinder^ 
it is as eaiily kept tight as if it worked out at the top; b is a 
ftmilar rod which keeps the rack perpendicular; oa are the 
two radius bars on which the braifes are fixed that fopport the 
lhaft ; by this contrivance the wheel C eafily moves from one 
fide to the other of the rack F. 

Fig* 2. is a view of the rack on a larger feale, where C re» 
prefenis the wheel and O the fhafr; ££, a flidiog^bar, on 
which is fixed the fmall roller o, ferving as a conneding link 
to keep the wheel C always in gear ; for, when the wheel is 
in gear on the oppofite fide of the rack» the roller o ii on the 
other frde of the plate aa: bat it will peibips be more clearly 
underfiood by the plan. Fig* 9. where the letters reprefent 
the fame movement as in the elevation. Fig. 2 : This ckrfcrip* 
tion may be eafily uoderflood by thofe who already pofiefs a 
little kiKwriedge if a (team-engine. 

MancheJUr^ Odt. 5» 1805. 
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Framed trufs by 
^bich the roof 
of Clapham 
church waa 
Miied> dec. 


V. 

L^er from Afr, J. C. Horn blower, defcrihitig the framed 
Work by Vikich the Roof of Clapham Church was raifed to its 
original Situation, without difturbing the Interior of the Duihb- 
ing, Sfc. 

To Mr* NICHOLSON. 

Dear Sir, 

It will be a pieafure to yoa I know to record the produdii^^ 
of genius or fancy in your valuable Work, and iberefol^?! 
have no hefitation in prefenting the inclofed for that purpofe. 

It is the invention of Mr. Watkin Bloore, one of the part* 
ners of Fothergal and Co. catpenters at Clapham, and was 
invented to raife the funk roof of Clapham church ; and its 
application to the purpofe intended, exhibits at once the mea7is 
and the end that was' to be accomplithed ; as by it the roof 
was raifid and fecured in the fame procefs, without incom- 
moding the building with /boors and fcaffolds, which muft 
have occafioned conflderablc damage to the furniture of the 
church. 

Thelhadcd part of the drawing, Plate X. fliews tlie trufs, and 
the lines behind it the con/lrudlion of the roof. The middle piece 
in the trufs marked Ai is joggled into the king-poft of the root, 
and tlie two ferews put into a^ion raife it upi and with it 
tbe wt^le of the middle or funk part of the roof, all which is 
cafily comprehended by the drawing. 

The drawing, Fig, S, (bC^s an improved mode of con- 
ilrudingthelrufs, by iheriders AAA A being framed over the 
principals B B, by which the raifing ferews arc more firmly 
fupported in eleytfjng the queca-polls C C in the roof. 

TTiis muft be a valuable experiment in the art of carpentry, 
whichi confidcring how little fcience of it falls to the lot of 
its potTe/Tors, can/iot be too much regarded. / 

I am. Dear Sir, 

Your very obedient feryant, 

J. C. HORNBLOWER. 


Remarks 
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Experiments on draining Land, John Christian CurweNi 
Ejil, M. P. of Workington^Hali^ in Cumberland, with an 
Engraving *, 

Dear Sir, 

IVIuCH having been faid, in the public Papers, relative Mr. Ellclngton^ 
to draining, on the improved method of Mr. Elkington, 1 beg 
leave to offer you forne obfervations refpedling it, which have only where the 
fallen under my notice^ and which tend to prove it can are httlc 

plied, with fuccefs only, in fuch parts of the kingdom, as have 
few, if any, interruption of the Hrata. In order to make my- 
fclf intelligible, it may not be improper to explain what is meant 
by interruptions of the flrata, or dykes and hffurcs, as theyDykesandfif- 
a re denominated in mining countries. They are produced 
by the fraftureor difunion of the flrata, and confifl moft com- 
monly of the broken fragments of each fuperior flrata; and 
towards tiie fur face arc of fand, gravel, and flones, which 
(cldom or never fail of affording conflderable quantities of 
water. Thefe dykes may be approached within a few feet, Thefe mterrup.^ 
and afford no water, as will be feen in two inflanqes in the 
plan font you. No. 3 is a main dram, roar teet deep, which the water, 
paffed within a few prds of A, an extreme wet place, and 
did not affect it. The perfon employed, fuppofed the water 
to be below him, and brought in a lower level No. 1, which 
likewife failed. No. 2 w^as then made flill lower, but with 
no, belter fuccefs than No. 3, though with more advantage of 
level. As foon as it croffed the dyke, I but before the 
level w^as brought up, not be^ipg deeper' thjlis the main drain, 
it got a conflderable feeder. Tills proved that an interrup* 
lion in (he flrata prevented the water flowing into a drain, 
which was of » depth jotherwife to have drawn it. Another 
example occurs ir. the fame held, at letter B; which is a 
funk fence, four feet below the furface of the adjoining held, 
which was extremely wet within a few yards of the funk 


* From the twenty-fecond volume of the Tranfaftjons of the 
Society ‘'of Aii^; who awarded the gold medal to the author. 
jri^ plan he refers to is at their houfe, 

Vq|l, XII.— N^oyember, 1805. N fence. 
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draina™"^^°^ ^encc. A lower level was fuppofed neceflTary to drain tluir 
** water, and it was obtained at the dotted line. No water *01 
any confequence was got, till it was within a few yards of Ihc^ 
funk fence, when a prodigious feeder was cut, and the head of 
the drain was not fo deep at the time as the funk fence. Many 
inflances to the fame effefl might be produced. In finking 
(hafts in places much troubled with water, it is endeavoured, 
if circurnftances will permit, to gel near a dyke, which ferves 
^ barrier to the water; and if, in finking, the dyke be not 
thedykes! ^crofTed, the water is kept clear off; but if oiherwife, the water 
would be got at any depth, though not in fuch quantities as 
when near the furface. The fpot of ground, to which 1 have 
alluded, has above a dozen dykes, which may be traced from 
the out-burfts of water. They run in a direction of f^th to 
north-weft. I have made tny drains eaft and weft. In one 
or two places, I was obliged to run a drain foulb. This pro- 
ceeds from an arm running from the dyke : but this feldom 
extends to any dillancc, and they gradually decreafe till they 
end ; and they rather make an interruption than a breakage 
of the ftrala, as the ftrala is the fame on each fide of it. In 
fuch a country, Mr. Elkington could draw no more water than 
what lay in the uninterrupted ftrala iietwcen any (wo of (hefe 

Defeription of dykes. The method of making the drain is explained by the 
the drams by re- ' .. n j. • ..it* » •. 

frrenee to the engraving. 1 had twenty years ago drained this ground with 

drawing. fione drains, from SJt) mches to two feel; but their dire^ion 

having been moftly frotp north to fouth, and not fufficienlly 

deep, I had got lillle more than the day whaler. The feeder 

which I have now got, might be made applicable to many 

purpofes. The drains are from two feet to nearly five feet 

deep. I have made (>000 yards in the laft twelve months ; 

the cutting from Ud. to ISd, per rod, filling 8d. ten and a 

half fingle cart-loads of ftones, at 9d. each, making the coll 

JOs. per rod. The expence Appears great ; but fewer drains 

are required, and (he work is effedlually done. By reference 

to the plan, it will be leen that the direQion of the drains not 

being able to draw the upper wafer, I was obliged to extend 

them, I would advife beginning at the higheft level ; for 

frequently that clears the whole, unlefs feme dykes intervene 

Springs of water in a contrary diredion. I believe that all fprings and out- 

burfts of water proceed from dykes. The exUnt of diefe is 

various, Some may be traced for many miles, and their eiFv6ts 

i; ieen 



DRAINING OP LAKD« 


179 


feen from ibe water that appears on the furface. Their or(gitl 

fcarcely perceptible, and they thicken to many yards as 
they are approached. The llrata on both Tides have a more 
rapid rife or dip, and arc of a clofer and harder texture. If 
thef<i obfervations appear to you worthy of attention, you may 
make what ufe you think proper of them. I by no means with 
to detract from Mr. Eikington’s merit; but it is not generally 
applicable ; and in counties' where the firata are much broken^ 
Mr. Elkington’s plan will be found to fail. 

I am. Dear Sir, 

Your obedient fervant, 

J. C. CtJRWEN. 

Tci. 3, ISO!. 

Mr. Charles Taylor. 

P. The higheft drain is li20 feet above the level of 
No. 3. 

A certificate from Mr. William Hoodlefs, farming agent, 
accompanied this letter. Hating that upwards of fix ihoufand 
yards of drains had been cut, and completely filled, on the 
farm of John Chrifiian Curvven, Efq. ; that the firH drains 
made according to that plan were done three years ago; and 
that they Hand completely, and anfwer an admirable purpofe. 

Referee to Fig. 5, Plate XI. qf the Manner in xihich Mu 
Cur wb n Drains are made. 

The loweH part of the drain below E E is twelve inches 
wide. 

£ £ 4 4 are the two fide-ftones of the drain, nearly four 
inches thick and nine inches high. 

F 9 is the aperture for the water, nine inches high. 

D, the Hag or thin Hone over the aperture, and which covers 
the fide-Hones the drain. 

C C, the body of the drain, filled with loofe Hones till 
within nine inches of the furface. 

B 9, the top of the drain, twenty*two inches wide and 
nine indies deep, filled with grafs fod and foil. 


N2 
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Rmarks on a Letter qf Mr, Dalton, conrerning the Miiximim 
Denfily of fVater; xeiih an Account of Izuo In fieri ments of Dr, 
Hope, tending tojicw that it takes place at a Temperature 
dhove the freezing Point, In,a Letter from T. 1. B. 

TolMr. NICHOLSON. 

SIR, 

letter. liflied fome remaiks upon Count Rumford's experiments, re- 

lating to the maximum denfity ot* water, where be explains 
the riling of the thermometer in the cup, by obferving that 
it acquired heat by the proper eoiwiufiing power of whaler. 
This, I (hoold think, is by no means probabje ; for the coii- 
dueling power of water is not lufficient to produce fucb a rapid 
cffeA 

The circumftanccs of the two theymometers by the fide o 
the ball and cup, in the Count’s Iwu hr(l experiments, I 
think are perfeclly confident with his principle: the cup, 
very probably, did* overflow, which might have been alcer* 
tained by a thermometer placed below. 

In the conclufion of this letter Mr, Dalton exprefles a with 
that Count R. or focne one in poiretlion of a fimilar apparatus, 
wtould repeat the CoutUVfirftexperi merit, with this diference, 
that the mafs of w'aler tbouid be at 40^ and the ball at !i2^\ 
in which cafe, he fays, thetihermomeler would not be at all 
afTefted on the Count’s principle j neither would it be aflefted 
(on Mr, D.'s principle) if the ^tenacity of the water counter- 
ads the force of deti^nt : and mat conclufion could 
from fuch a vanalion of - the eKfnsifimenti . 

EKperimentsof The following^ experiment . was made by Dr. Hffpe, pro- 

Dr. Hope. feflar of cheraiftry in P2dinburgh, toafcertaui the point at. 

which water has the grcatefl denfity,— it appeaw tq me 
to be pcrfe6lly decifive. 

He filled a jar with ice-cold watej^, and expofed it* to the 
air of a room at 52® : he fufpended, in it two very delreato 
thermometers, one at half an inch from the bottom, and the 
other at (he fame diftance from the furface of (lit^ watci* : the 
thermometer neared the bottom w^sfufi aifeded, I'ld coi>^ 
5 tl'nued 
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litiwed to rife till it reached the temperature of 40®, »U, 

became ftationary : the Ihermomeeer at the furfacc rofe inore 
flowly, but did not fiop till it acquired the temperature of the 
room (52®). 

Dr. Hope^ to render thiR point ftiil clearer, expofed water 
at 52® <o the air of a room 32® ; the reAik correfponded peK 
iedily with the former ekperimfait. 

If you fee no ohjedion to the publication of this letter, by 
iiiferting it in your Journal, you will oblige 

Sir, your*s, 

^ T. L B. 

Edinhuru^h, OB. 10, 1S0.>. 


VIIL 

OhfirTaiions and ConjcB'trcs rdativc to the fuppofid Welch 
Jndiaufi in the ti*. jurn Eattfi of North America. Republtjhcd 
from the ** Ktntucky Ealladium,^* zvnh addUional liewarkB 
' and Conjectures^ bj/ the Editor oj the Phliudclphia Medicaid 
and Phyfical Journal f# 

SIR, 

N^O circumftanco relating to the hiftory of the Weftern 'TraditJoiial »c- 
Counlry, probably has excited, at differeOt limes niore ge- ^antso? America 
neral attention and anxious curiofity than the opinion, that r.ppofcd to have 
a nation of white men, fpeaking the Welch language, refidc trom 

l)igh up on the Midbuii. By tome the idea is treated as no- 
tiling but tlie fuggeftioti of bold impofture and eafy crecluhiy ; 
whilk others regard it as a fadt fully authenticated by Indian 
tetlimony and the report of trai'ious Iravellerit worthy ol* credit. 

The fed is accounted for, they fay, by recurring to a padage 
in the hrftory^ of Great Britain, which relates, that feveral 
years aftdr .the dife >very of America by ChfiRopher Cohimbusi 
a certa>in: Welch .prince embarked from' his native country 
with a large party of emigrants ; that alter Jbme lime, a vdTel 

* A fuller sedount of the late experiments of Dr. Hope will be 
ipfcrn|l v^Jie^ie Edinburgh Tranfa6lions appear, 
t Work, Vol. II. Fart I, 

or 
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2ouff*T**h*V‘ came back with the account that they had difcavcred 

tints of weft ward, and that they fet fai! again with 

luppofed to have a frefti reinforcement, and never returned again any more* * 
Walcs!^** country which thefe adventurers difcovered, it has 
been fuppofed, was the continent of North America ; and it 
has been conjeflured that they landed on tlie continent, fome- 
wh^e in the Gulf of Mexico, and from thence proceeded 
nbrihward, till they\got out of .the reach of the hoftile natives, 
arid feated themfelves in the upper country of Miftburi. 

Many accounts accordingly have been publilhed, wilhin tlic 
laft thirty years, of perfons who, in confequence either by 
accident or the ardour of curiofity, have made tlicmfelvcs ac« 
quainted with a nation of men on the MilTouri, poflefting the 
complexion of Europeans and the language of Welchmen. ^ 
Could the fa6l be well eftabliftied^ it would afford perhaps 
the moft (atisfa^ory foludon of tlie difficulty occafioned by a 
view of the' various ancient fortifications with which the Ohio 
country abounds, of any that has ever been offered. Thofe 
fortiheations were evidently never made by the Indians. The 
Indian art of war prefents nothing of the kind. The proba* 
bility too is that the perfons who conftru6led them were, al 
that time, acquainted with the ufe of iron : The ftluation of 
thefe fortifications, which are uniformly in the moft fertile 
land of the country, indicates, that thofe who made them 
were an agricuharal' people ; and the remarkable care and 
{kill with which they were executed,, affords traits of the 
genius of a people, who relied more on their military fkill 
than on their numbers. The growth of the trees upon them 
is very compatible with the idea (hat it is not more than three 
hundred years ago (hat they were abandoned. 

Thele hints however are thrown out rather to excite en* 
quiry, than by way of advancing any decided opinion on the 
fubjtpja. Having never met with any of the perfons who had 
feen thefe white Americans, nor even received their teftimony 
near the fource, I have alwa) s entertained confiderable doubts 
about the fact. Laft evening, however, Mr, John Childs, 
of Jeffamine County, a gentleman with whom I have been 
long acquainted, and who is well known to be a man of ve^ 
r^city, communicated a relation to roe, vlfhich at all events 
appears to merit ferious attention. 
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After he had related it in converfation, I requefted him 
repeat it, and commitled it to writing. It has certainly fome 
internal marks of authenticity. The country which is defcribed fuppofed to have 
was altogether unknown in Virginia when the relation was 
given, and probably very little known to the Shawnees 
Indians. Yet the account of it agrees very remarkably with 
later difcoveries. On the other hand, the flory of the large 
animal, though by no means incredible^ has fomelhing of the 
air of fable, and it does not fatisfadlonly appear how the 
Jong period which the party were abfent was fpenl; though 
Indians are, however, fo much accuflomed to loiter away their 
time, that many weeks, and even months, may probably have 
been (pent in indolent repofe. 

Without detaining you any more with preliminary remarks, 

I will proceed to the narration^ as 1 received it from Mr. 

Childs. 

Maurice Griffith, a native of Wales, which country he left 
when he was about fifteen years of age, was taken a prifbner 
by a party ol Shawnees Indians, about forty years ago, near 
VofTes Fort, on llie head of Roanoke river in Virginia, and 
carried to the Shawnees nation. Having flaid there about 
two years and a half, he found that five young men of the 
tribe had a deiire of atienipling to explore the Iburces of the 
Miffouri. lie pievailed upon them to admit him as one of 
the party. The) fet out with fix good rifles and with fix 
pounds of powder a-piece, of which they were, of courfe, 
very careful. 

On reaching the .mouth of tlie Miflburi, they were firuck 
with the exiraoidiiiary appearance occafioned by the inter- 
mixture of the muddy waters of the Miflburi and the clear 
iranfparent element of the Miflitfippi, They Raid two or 
three days arnufing theinfelves with the view of this novel 
fight : they then determined on the courfe which they fhould 
purfue, whi^h Happened to be fo nearly in the courfe of the 
river, that they f' ^quently <came within fight of it as they prOr 
ceeded on their journey. 

After travelling' about thirty days through pretty farming 
wood land, they came into fine open prairies, on which no- 
thing grew but long luxuriant grafs. There was a fucceflion 
of ilulo in fize, fome being eight or ten miles acrofs 

, but them fo long that it occupied three days to trave] 

through 
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Tr^Stiond ac- .tIjroujE;^li it. In p^jffing through this large prahrie, they were 
difirefled for water and provifions, for they faw neither, 
(a^fted to have t»eaft nor bird ; and, though there was an abundance of fait »> 
w|les*^*** fpr jug'll frefti water was very fcarcc. In one of thefc prairies 

the fait fprings ran into fmall ponds, in which, as the weather 
was hot; the water had funk and left (he edges of the ponds 
fo coirered nyith fait, tba^ they fully fupplied themfelves with 
>riicle, and might eafily have colle£ted buQiels of iU 
As they^ were travelling through the prairies (hey had like- 
wife (he good fortune to kill an animal, which was nine or 
ten feet high, and a bulk proportioned to its heighth. They 
had feen Ivro of the fame fpecies before, and they faw four of 
them afterwards. They were fwifi-footed, and they liad nei- 
ther tUiks nor' horns. After having palTed through the long 
prairie, they made it a rule never to enter on one which they 
Could not fee acrofs, till they had fupplied themfelves with a 
fufficiency of jerked venifon to lad feveral days. 

After bAving travelled a confideriible lime through the prai. 
ries, they caihe to very cxlenfive lead mines, where they 
melted the ore, and furniflied themfelves with what lead they 
wanted. They afterwards came to two copper mines, one 
of which wa^ three miles through ; and in feveral places they 
met with rocks of copper ore as large as houfes. 

When about fifteen days journev from the fec'ond copper- 
mine, (bey came in fight of white mountains, which, though 
it was in the heat of fummer, appeared to them to bo cover cd 
with fnow. The fight naturally excited cpnfiderable afto- 
,ni(hment; but, on their approaching the mountains, they 
diicovered that, intlead of fnow, (hey were covered with im- 
menfe bodies of while fand. 

They had in the mean time paffed through about ten nations 
of Indians, from whom they received very friendly treatment. 
It was the praAice of the party to cxercife the ojEceof fpokef- 
matn in rotation ; and when the lang^eg^ of any nation through 
which they pafled was unknown to them, it was the duty of 
tbe f^iokefman, a duty in which the others never interfered, 
to convey their meaning by appropriate figns. 

The labour of travelling through the deep fands of the 
mouritains was exceffive ; but at length they relieved tliem^ 
felves of this difficulty, b} following the courfe^of % fl)allow 
xiver, the bottom of which being level, they madev^-iei^ way 
tp the top of the mountains with tolerable convenienici^ ' 

‘ j ifter 
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After the j^jountains they entered a fine ferlU^ (rafl Traditional ac* 

•f land, which haying travelled through for I’everal days, they ^ntrof Amcri*M 
accidentally met with three while men in the Indian drefs- fuppofed to haw 
Grriffith immediately underdood their language, as it was 
pure Welch, though they occafionally made ufe ol'a few words 
with which he w^as not acquainted. However, as it happenefl 
to be the turn of one of bis Sliawnees companions to as 
fpokcfinan or interpreter, he preferved a profound 
and never gave litem ^y intimation that he underftood the 
language of llieir new companions. 

Ahe/ proceeding with them four or five days journey, they 
came to the village of thefe white men, v\here they found 
that the whole nation was of the fame colour, having all the 
European complexion. The three men took them through 
their villages forahout the fpace of fifteen miles, when they 
came to the council.houfe, at which an atfembly of the king 
and chief men of (he nation was immediately held. The 
council laded three days, and as the (irangers were not fup« 
pofed to be acquainted with their language, they w’ere fut- 
fered to be prefent at their deliberations. 

The great quedion before the council was, what condu£i 
(liould be obferved tow^ards the drangers. From their fire- 
arms, their knives, and their tomahawks, Uwas concluded that 
(hey were a warlike people. It was conceived, that they were 
font to look out for a country for their nation; that if they were 
fufiered to return, they might expe^ a body of powerful in- 
vaders ; but that if thclc fix men were put to dealii, nothing 
would bo known of their country, and liiey would dill enjoy 
their poflTcflions in fecurity. It was finally delei mined that they 
diould be put to death. 

Griffith then thought it was time for him lo fpeak. He ad- 
drededlhe council in the Welfli language. He informed ibemt 
(hat they had not been Tent by any nation; that they were 
actuated merely by privafe curiofity, they had no hodile in- 
tentions ; tkat it was their willi to trace the Midburi to its 
fource ; an(f that they (hould return to their country falisfied 
with ihe difeoveries they had made, w'ilhout any wife to dif- 
turb the repoie of thehr new apquaintances. 

An inllant aftonilhroent glowed in the countenances, not only 
of liie^unEil, but of his Siiawnees companions, who clearly 
fuwIthaMje was underftood by the people of the couptry. Full 
* conficlente 

t I 
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‘ Traditional ac- confidence was at once given to his declarations, the king 
count advanced and gave him his hand- They abandoned the de* 

fuppofcd to have putting him and his companions to death, and from 

ortginated from that moment treated him with the utmoA friendHiip. Griffith 
and the Shawnees continued eight months in the nation ; but 
were deterred from profecuting their refearches up the Mif-* 
4bufi by the advice of the people of the country, who in^ 
them^ that they bad gone a twelve month^s journey, 
up the river, but found it as large there as it was in their own 
country. 

As to the hiftofy of this people, he could learn nothing fa- 
tisfadlory. The only account they could give was, that their 
forefathers had come up the river from a very diftant country. 
They had no books, no records, no writings. They inter* 
mixed witli no other people by marriage, thete was not a dark- 
Ikinned man in the nation. Their numbers weie very conil- 
derable. There was a continued range of felllemcnts on the 
river, for fifty miles, and there were within this fpace three large 
waler-courtes which fell into the MilTouri, on the banksof each 
of which they wereUkewife fettled. He fuppofed that there 
muA be fifty thoufand men in the nation capable ot bearing 
. arms. Their cloathing was tkins well dreffed. Their hoiifos 
were made of upright pods and the barks of trees. The only 
implement they had to cut them whh, were (tone tomahaw ks j 
they had no iron. Their arms were bows and arrows. They 
had fome filver which had been hammered with Aoncs into 
coatfe ornaments, but it did not appear to be pure. They 
had neither Ijorfes, cattle, flieep. Hogs, nor any domeAic nor 
tame animals. They lived by bunting. He faid nothing about 
their religion. 

Griffith and his companions hisd fome large iron tomahawks 
with them. With thele they cut down a tree and prepared 
a canoe to return home in : But their tomahawks were i'o great 
a curtafity, and the people of the country were (b eager to 
handle them, that (heir canoe was completed with very little 
labour. When this work was accomplifbed, they propofed 
to leave their new friends; Griffith, however, having pro- 
mifed to viiit them again. 

They delcended the river with confideruble fpeed, biA aroidA 
frequent dangers, from the rapidity of the current yar";ulvrly 
when pairing through the while mountains. When they 

, ** 
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tlie Shawnees nation, they had been abfent about two years Ti'aditionai ac- 
and a half. Griffith fiippoled that when they travelled they “n“"of^AmcriiI 
went at the rate ot about fifteen miles per day. fuppofed to have 

He ftaid but a few months with the Indians after his return, 
as a favourable opportunity offered itfelf to him to reach his 
friends in Virginia. He came with a hunting party of Indians 
to the bead* waters of Coal-river, which runs into NeW-rivep 
not far above the &1U. There he left the Shawnees and eafily 
reached the fettlements on RoanoLe. 

Mr. Childs knew him before be was taken prifoner, and 
faw him a few clays after his return, when he narrated to him 
the preceding circumftances, Griffith was univerfally re- 
garded as a fteaciy lioneft man, and a man of ftri6l veracity. 

Mr. Childs has always placed the utmoft confidence in his 
account of himfeif and his travels, and has no more doubt 
of the truth of his relation, than if he bad feen the whofb 
bimlelf. Whether GrifSth be ftill alive or not he does not 
know. 

Whether his ideas be correft or not, wc fhall probably have 
a better opportunity of judging the return pf Captains 
Lewis and Clark ; who, though they may not penetrate as 
far as Grilfilh alledged that iie had done, will probably learn 
enough ot the country to enable us to determine whether the 
account given by Griffith be fiction or truth* 

I am, Sir, 

Your humble fervant, 

HARRY TOULMIN. 

Franliiford, Dec, 12, ISO'I-, 

Additional Obfervaiions and ConJcBures hy the Editor. 

THE fiory of a Welch colonization of America has hxcited 
SDUch curiofity, both in Europe and the United States : By 
many it is believed, while by others it is thought unworthy of 
any attention. ’)y reafon of the prefent rapid progrefs of fet- 
tlement in America, the time cannot be remote when the 
truth or falfity of this fiory will be completely eftablifhed. 

In the meanwhile I do not hefitatc to conjecture, that no traces 
of the defeendants of the Welch prince tiHl ei cr be difeovered in 
the of North America. 


It 
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*iradUionalftc- li maj not improper to notice the tale upon which fo 
count of inhab*- niany perfons in Europe at leaft reft their hopes of provinss* 

Mnts of America . ' ' « /• r ^ i i i ^ 

fuppoArd CO have the molt latistaaory manner, that the Welch have cx>n- 
origmaLed from lyibutcd to the peopling of America. 

David Powel, a Welch hifiorian, informs us, that on the 
d^eafeof Owen Guyoeth, Ling of North Wales, a difpute 
arofe among his Tons concerning the fuccelBon to the crown $ 
and that Madoc or Madog, one of the foof, *' weary of this 
contention, betook htmfelf to fea» in queft of a more quiet 
ftttlenient We are informedt that •' be fieered due weft, 
leaving Ireland to the north, and arrived in an unknown 
country, which appeared to him fo dehrable, that he returned 
to W'ales, and carried hither feveral of his adherents and com« 
panions* After this neither Madog n(»r his companions were 
ever heard of more. Thf* voyage of Madog is faid to have 
been performed about the year 1170. 

I have not feen PovvePs work, but 1 learn that this hifto<- 
rian, who lived in the reign of Queen Elizabeth, and confc* 
quently at a great difl<ince of time from the event which he 
recoids, adduces no better aulhorily in fuppoit of Ihc voyage 
than a quotation from a Wel< h poet, which pi oves no more 
than that he (Madog) had didinguiQicd himlcii by (ea and 
landf.’* Some few Welch words, lucli as s^nuioido, to hearken 
or lifien, &c. are very feebly or unlortunalcly adduced by 
Pow'el, as circumdances favouiable to the truth of the Welch 
t migration. 

When we confider that the Welch vrere never a naval 
people; that the age in which Madog lived was peculiarly ig-i* 
norant in navigation;^’ that the coin[>a(s was then unknown; 
the dory of the vo\agf‘s of the Welch prince muff I tliink be 
conddered as extremely improbable. I am of opinion with 
Mr. Pennant, tlui the mod which they could have attempted 
muft have been a mere coafling vojage.'* 

Bui it may be faid, we muft appeal to ; apd that in* ’ 
depcndently of the verfes of the Welch poet, and the urgu- 
iiicnts of tlie Welch hidorian, it feems highly probable that a 
colony ol white people who (peak the Welch lapguage, doca 
adlually exift in the vyefierp parts of North America. 

Dr. Robertfon. , ^ 

f Pennant's Artie Zoology, IntroduSlioli, p. ;c. 

X aihpfT" 
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. 1 cannot, I muft confefs, adopt this opinion. I readily aIlove« Tmditlonal ac- 

that the relations publiflied by Mr. Toulmin and many other ^mer^ 

perfons, both in Europe and in America, arc extremely corious. fuj^ed to haw 

iiut Ihele relations are very inconfiften^ with .one .'mother, from 

particularly in what relates to the adual dale of improvement 

Ilf the fiippofed SVelthmen, By feme we are told they' are 

very far advanced in improvement; by others that their iitti. 

provement is not' at all greater than that of the Red^men or 

Indians of America. At. one time, they are faid to be i;l pof- 

teffion of manufcripts (and even printed books) at another time 

nothing of this kind is found among^hem. It muft becon- 

fetfed that Maurice Griffith's relation is, in feveral refpefis, 

more plautible than that of any preceding IraA'eller; but it is 

not unincumbered with inconfiftencies, whreh I do not deem 

it necefTary to notice in this place. His aftertion that the while 

men of the Mtilouri fpeak pure Welch/' even though this aller- 

tion be qualified by the obfervationthat ''they occationalfy make 

ole of a few woids with-wbich he was not acquainted/' is to 

me one of the moft improbable things that have cvi r been 

related of tliefe people. His tilcnce about their rdigion is 

altogether incxrulable. One would fuppofe' that a perfun of 

Grrfiilh's inqinfj five turn of mind, would hardly have omitted 

to make foine inquirio'S icfpccling the rcIigiouK inftitulionsof a • 

people, whom he confidcred as his countrymen. If thefe 

people be the detcendants of Madog, Jbffiv tra^’CvS of (l»e Chrif- 

tian religion may be expe^cd to be difeerned among them; 

for 1 think it requires many oentuties to entirely eftaee from 

the memory of a people all veftiges of their religion, efpecially 

from a people fo tenacious of their language, and fodittle dit 

pofed to intermix wiih their neighbours, as the Welch Indians 

are reprefented to be. 

But Griffith'^ relation is, 1. think, worthy of foure altentionv 
f^even think it not altogiether imp'robuble that future refearefios 
will cftablifh^lhe faQ,ihat there docs cxift- in the weft'ern patt?- 
of North Americ . a race or natioti of men, whofe compIexioiV 
is much fairer than that of the lurrounding tribes of Indians, 
and -who fpeak a languagi; abounding in Welch Of C&Itic 
words. But the eftaWiffimenl of- ihtrfe' two^ points 

Would not prove the efthbliftiment ofthe truth of ^heaftt^ibw^ 
that Jfiil^l^adog bad' ever madd a voyage' to America, of 
- that' 
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Tra4fiionsl ac- that a colony of Cells had at any period prior to the difcover^ 

count of inhabi-^/- .fjnerica by Columbus^ palTed into this hemifphere /ro«f . 

tents of Amcriw „ . . 

fuppofed to have ht'ltUM, 

oriffinated from j( ihou^t^ from the flatement publiQied by Dr, 

Williams and feme other writers on the fubjedtj that the beliel 
of the exigence of a face of Welch Indians in America is ge* 
lieraHy admitted by the Welch Indians and others. But this 
M fat from being the cafe. The late Mr. M*Gilivray, a man 
of no inconfidtsfable powers of mlnd^ and whofe curiofily was 
by no means condned to his own relatives, the Mufeohge, or 
Creek Indians, inform^ me, in the year he khe^ 

nothing of the exiflence of any white people jii the tra6l ot 
country beyond the MitEtiippi. ‘ ^ C 

The following is. an extraiSl of a Dovinin^, Jmt 

14*, 1792) from my learned and friend the late Mr, 

Thomas Pennant of Wales. 

My countrymen are wild among the Padouras, or Welch 
Indians, defeendants of Madog, now feated about the upper 
parts of the Miflburi. I am rather in difgrace, not having the 
warmed hopes of their tllfcovery. Pray what is your opinion 
and that of your phibfophers 

In anfwer of the above I wrote a letter, of which the fol- 
lowing Is a part : ^ 

** I have heard a great deal about the Welch Indians. I very 
early imbibed your opinion, as delivered in your Arctic Zoo- 
logy*, and mentioned you bb the fubjeft in a little workf 
which I publiflied in England at the age rf * * * *. 1 do not 
* know whether you have feeh that work. I do not mean to 
bint that it is worthy of your attention. I certainly think there 
is fome foundation for the ftory; bull have no doubt but the 
whole afrair will turn out very di^erent from a difeovery of 
Madog’s defeendants in America. 

Ihave faid, that I think there is fbme ground for the flory. 
I fhaH explain myfelf. You know that many of the frrft vifitors 
of the new world were ftruck with the refcihblance which 

* See the introduction to the work, pages 263, 264. 
t Obfervations on fome parts of natural hiiflbory j to which is 
^etixed an account of fevcial remarkable vefriges, of an anctent 
date, which have been ilifcovered in different part|^ Noiilj^^mjrica. 
Part 1, London, 1797. 
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fn buds between fome of the American nations and the Jews, 
.Some Hebrew words were found in this continent, as they 
have been every where elfe. The Americans were now faid 
to be the defcendants of the Jews, and Adair laboured very 
hard to prove the matter in a ponderous quarto wfiichfew 
people read, hccaufe it is bl^ with fydem and extravagance, 
though, indeed, it contains fome curious and accurate matter. 
In like manner, in tlje languages of fome of the American 
tribes there are found fome words which are a good deal ana* 
logons to words in the languages of the ancient Celts. Wafer* 
who was a very refpeftable obferver, if we confider bis oc- 
cupation in life, mentions the coincidence be found between 
the language of the Indians of Darien and that of the Highland 
Scots; and I could produce inftances of their coincidence. 
Sofee’Qreek words are alfo found in certain of the American 
languages. I would not Arain a point fo much as fome writers 
have, who mention the coincidence which fubfifts between 
the Greek Thcos and the Mexican Tcnti The word Potozv^ 
mack, whicli is the name of one of our rivers, is a good 
deal like the Greek Potomac i, Tlicfe words (perhaps they 
arc accidental rcfemblances) have given rife to fome of the 
numerous theories which we have had coricerning the peopling 
of this great continent : and I doubt not tliat fome * » ♦ * or 
perfon who underftood the W(‘Ich language, finding Celtic 
wo/*ds (a language fpoken by the Welch) among the Ame- 
ricans, in the fulnefs of his zeal wonid bring his countrymen 
among the Fadoucas* Apaches, &c. 

Such, I believe, jias been the origin of this wonderful 
ftory, I prefumc, that, w'ere an ignorant Highlander to vifit 
the Darien Indians* or fome other American tribes, he would 
fancy himfelf among his countrymen, whom painting, ex- 
pofure to the fun, he might fuppofe had exalted or de-. 
graded to, their prefent tii.ge. I lately converfed with an old 
Highlander*^ who rai(|, that the Indians fpeak the Highland 
language. Some Highland words were mention cd by him ; 

^ The Abb^ Molina (in his Compendio <lc la Hiftoria Civil del 
Reyno dc Chile, kc. Parte Segiinda, p. 334 , 335 .) has pointed 
out fome very ftrtking inftances of refeiiiblance between the Greek 
and Chil|rrc languages. He has alfo pointed out fome refemblance 
bctjv'^a and the Chilefe, — Febiuary 1 !^, 1805 . 
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*#«# one word I recoiled, the word teine, which ij| 
(he Highland language, he faid, fignlfies hre : now oiir Dela^* 
ware Indians call fire teriday ; the refemblance in found is 
c^tjihlj; not fmall. Tlie Cells have, undoubtedly, been very 
over the globe: 1 belicVe they exi fled in this 
their defeendanis arc fome of the prefent 
fliould be found among the 
Xmenbims, wh^;Cetttc^ are to be found almoft , 
Inhere dife» is nof iHhihit Ip bb wondered at/’ 



Account cf an improved Sheep*Fold^,Mmirived and cor^ruSled hp 
Thomas PpOWman, Efq. of JBroom in Norfolk, and com-* 
municated by him to the Society for the Encouragement qf 

. ArtsU 

Advantages of The a^el of Mrv Plowman’s Sheepfold was forwarded to 
the Secrl^ry pf the Society of Arts lafl year with a letter 
defi^ibing its properties and con(lru6lion. It is made on an 
improved .And very fimple principle# combining many ad- 
vantages over the old and expenfive method of folding by 
hurdles ; and as the whole fold can be removed with eafe at 
all times, it is found pecutiariy ufeful in feeding off turnips on 
the land in frofly weather. When hurdleioatii^t be ufed ; and;^ 
as ihe faving of labour in agribaU^itre it a leading objed, he 
bag no doubt of feeing it, in a very few years, generally 
adopted* 

Pttnbllty* ^ The ex pence, in the hr ft inflance, wiff exceed that of 
hurdles, for the fame given '^quantity of fheep; but having 
had one. in ufe nearly thfee years, he is iatiisfied the faving 
w^he very conftderable : (or, before he adop/ted this method 
of folding, he loft from thirty to fertynfl^ts folding in the' 
year, owing to the land being hard in dry 'feaibns, fitch as the 

* Very cohfiderable fragments of the Cdtic disiddtl are ftilf pre-* 
fervedin America ; particularly^ if I do not idlltsike, among' the 
Bfantreokes and the Katalba or I^tawbias/: iP, 1805 * 

t The Sojciety awarded tlie gold m^ddil for ^$ iii(’e&U^i^pi|Ove- 
Nicnt, and inferted his account ... 

\WQ ' 
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two laft; which fenders folding almoft iropraflicable, as^vingof 
, they never can be fet without great labour and dedrudlion of 
hurdles* He is alfo clearly of opinion^ that the flock of (beep 
will be greatly increafed when this method of folding becomes ‘ 
more known ; and that it will enable many fmall fkrmers to 
keep from 50 to 100 (heep^ who now are deterred from U, ^ 

on account of the fmall quantity of feed they have, not aiv* 

(wering to keep a man for that purpofe only ; but by this pJan^ 
they may keep a boy at 3s* or 3s. 6d* per week^ Who can at- 
tend on 100 or 200 (heep^ and move the fold himfelf without 
any alliflance. In heavy gales of Wind it frequently happens It « eafily 
tlial hurdles are blown down, and the flieepi of courfe, being ifableio be blown 
at liberty to range over the cropSf do incalculable mifehtef; down^ 
which cannot happen with this fold. 

In fomc counties in England, where hogs are folded, great rsfifts hogs* 
difficulties are experienced for want of flowage, for them to 
feed off winter tares, &c. See* as they mot up every, flake Of 
hurdle; but from having tried the experiment, the inventor is 
certain his fold will keep them in, and defies their attempts 
to dilplace it. 

From this drawing, which correfponds with the model, and 
from the defeription, it is fecn that an aflonilhiDg (piantity of 
time is faved ; for one man can remove a fold to contain 300 
(heep with cafe in five niintrtes, which, by the old melliod, 
frequently takes (jutne hours to accomplifli. 

Certificates of gentlemen, who ofe thefe new folds, were 
fent to tlie footety, among whom is that of his Grace the 
Duke of Bedford. 

When the fold is wanted to be ufed on very hilly ground, Method of ptac- 
jt is befl to begin at the top, and work it down to the bottom, 
for the eafe of removing it, and tlten draw it up again with a 
horfe. This; however, the inventor has never had occaApn 
to;do ; for . the land in his county is ploughed in a coniraiy 
dire6lion, andk the f^Dild is worked in the fame courfe as the 
ridges. By (bis i^iean, the inconvenience is avoided of crofs- 
ing the furrows, and they are alfo a guide to keep the fold in 
a flraiglit diredfbn. 

With refpeS to ,the flieep getting under, he does pot re- 
collect that GircumfliElnce to have ever happened, nor does he 
conce|jve that any land, whtch Js cultivated can be fo uneven 
as to admit of it* 

VoL- XII.— NoVEMBfiR, 1305. 
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l>..fcnpti£sn with DeJlTfptwn of the Sheepfold, 

reference to the i* * . 

drawing. Plate XI. Fig. 1. Shows ODc (livlfion or part oi lliis fence ' 

twenty-one feet long, and three feet eleven inches high, com- 
pofed of the following parts : 

A. A top rail three inches deep and two inches lliick. B. 
Thfe upper bar, three inches deep, and three-quarters inch 
thick* CC, Iriie two lower bars, four inches by three- 
quarters of an inch, which, w ith the upper bar, are morticed 
through the uprights, DDDD, Which uprights are oak, 
three inches by two tnebes. E, The lower bar, three inches 
by three* F* An upright bar, with the horizontal bars halved 
into it. GG, Two oak uprights, three by two inches. 

Fig. 3. Shows the oak uprights GG. The axletree, 
three inches by three, and three feet between i!ie wheels. I, 
An oak knee, which conneAs the uprights G G with the 
axletree, by means of two ferew's and nuts. 

Fig. 3. A plan, in which the axle H is fiiow^n with two 
arms KK at right angles to H, which are made to a6t as 
pivots to, the wdieets, when ‘Intended to be moved in a direcr 
lion at right angles to the bars. 

Fig. 4. Is a view of the fame parts deferibed in fig. 3. 
The wheels marked W, in all the figures, are of cart iron, 
and coK 3s. 6d. each. 


. . X. ■ , 

Anecdotes if an Atnericftfi Qrppf By William Bartilam*. 

Anecdotes of a Xj is la difficult talk to giye a hiflory of our crow. And I 
hefitate not to aver, that it would require the pen of a very 
able biographer to do jullice to his talents. 

Before 1 enter on this fubjed minutely, it may be neceflary 
to remark, that we do not here fpeak ofthe crow c^llediyely, 
as giving an account of the whole race, lince 1 am convinced 
that thefe birds differ as widely as men do from each other in 
point of talents and acquirements, but of a particular kind of 
that rpecies, which 1 reared from (he neil« 

# From the Philadelphia Medical Journali Vol. I. p^i't I. 

He 
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^ He wa$, for a long time, com parati vely^ a hefpiefs depei^* Aoec^lptcs of « 
, idiU Croat ure» having a very fraall degree of adlivity or vivacity, 
every fonfe ('eea)io^ to be afleep, or in embryo, until he 
nearly altained bis finiihed dimendons and figure, and the ufe 
of all his members. Then we were furprifed anjl daily 
omuipd with ibe progrefSve developement of bis fenfe§, 
paudinj; and natarating as the wings of the youthful phaloPOa^ 
vfhen dilengaged from its nympha fhell. 

, Thcfe fenfes however, feemed, as in man, to be only the 
organs or infiruia^ents of his intelle^oal powers, and pf .>|beiF 
effedis, as diro^d towards the accompli (hment of various 
dedgns and the gratification of the paeons. 

This was a bird of a happy tenoper and good difpodtion^ 

He was tradable and benevolent, docile and humbloi whilft 
his genius demonftrated cjttraordinary aculenefs ,and^.liv»eiy 
fenlations. All thefe good qualities were greatly in his fayour>> 
ibr tliey procured him friends and patrons, even among 
whofe foCiety and regard contributed to ilhidrate tl>c powers 
of his underdanding. Bui what appeared mod extraordinary, 
be feemed to have the wit to feled and .treafure dp in lu^ 
mind, and the fagacity to pra6lice« that Ithad of knowledge 
which procured him llie mod advantage and^prodt. 

Ue iifid great tal^Lrits, and a drong propenfity -to. imitation. 

When 1 was engaged in weeding in the garden^ he wouM 
often % to mci. £«ad after very attentively obrerving> meJn 
pulling up the fmaB weeds and grafs, he would fall to Mrork^ 
and with ins ftrpng. beak pliAck np the grafs ; and the moitetfo, 
when I complimented him with encouraging exprelfions. He 
enjoyed great pleafnre and amuferoent in feeing me write« 
and would attfnnpt to take the pen out of my hand, and my 
ipe^ades from. my nofe. The latter article he was fo pleafed 
with, that 1 fownd it ncceflary to pul them out of Jiis reach 
when 1 had done iffing them. But one time, in particular, 
having left tlie/n a moment, the crow being then out of my 
light, recolleSjng the bird's mifehievons tricks, I returned 
quickly and found him upon the table, riding my inkdand, 
books, and paper. When he faw*roe coining, he took up my 
fpefitacles and dew qff with tbeni. 1 found it vain to pretend 
to overtake him ; but Handing^ t6 obferve fais operations with 
my fp^diaclev, 1 faw him fettle down at the root of an applet 
tree, where, after amuling bimfeif for awhile, 1 obfervvd 

O 2 that 
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that he was hiditig them in the grafs» and covering them i^itk 
Ateks and chips^ often looking round about to fee whether 1 
was watching him. When he thought he had fufficiently 
fecreted^lhem, he turned about, advancing towards me at my 
calh When he had come near me, 1 ran towards the tree 
to repin my property. But he judging of my intentions by 
my Adtomr, flew,: and arriving there brfore me, picked them 
up again, and Dew off wdth them into another apple tree. I 
now almofl defpaired of ever getting them apin*' However 
1 relumed back to a koufe a htlle dlftance ofiT, and there 
ferreting rnyfelfV I had a full view of him, and waited to le^ 
the event. After fonie time had etapfed, during which 1 
a great noife and talk from him,. of whi^ 1 onder(lo 94 ik^'^ 
word; he left the tree with my dangling in 

moothf and alighted with them o^M^ound. After feme 
time,' 4nd a great deal of caution tiip^ontrivance in choofing 
and rejeding different places, h#' hid them again, as he 
thought, very e^edually in the ^grafs, carrying and placing 
over them diips, dry leaves, Sjtc. and often pufhing them 
down w^h his bill. After he hi^ finifhed this work, he dew 
tip into a tree hard by, and there continued a long time talking 
to himfelf and making tnuclMioife; bragging, as I fuppofe, 
of his achievements. At lad he returned to the houfe, where 
not finding me, be betook himfelf to other amufements. 
Having^noled the place where be had bid my fpedacles, J 
hafiened thither, and after feme time ^recovered them. 

. This bird had an excellent memory.^ He (bon learned the 
name which we had given him, which was Tom ; and would 
commonly come when he was called, onlefs engaged in feme 
i^uritc amofement, or feon after corredlipn ; for when he had 
ton to peat lengths in mifehief, 1 was under the necefiity df 
wliipping him, which I did with a little IWiftch, He would 
in general bear, corrosion with wonderful patience and 
humility, fupplicating wnth piteous and penitent cries and* 
actions. But fomelimes .when chafiifement became intolerable, 
be would fuddenly ofi^ and take refuge in the next tree, 

' Here he wuuld,coniiii9 himfelf with chattering and adjufiing 
his featiiers, if he was not ducky enough to carry off with 
him fame of my property, fu^h as a pen knife, or a piece of 
of paper; in this cafe he would boafi and braj^very loudly. 
At other times he would foon return, and with .every token of 
. . penitence 
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j^nitence and fubmiinon approach me for forgivenefs ‘and Anecdotes of a 
. reconciliation. On ihefe occafions he would fometimes return *^*'®'*^* 
and fettle on the ground near my feet, and difhdeiuly advance 
with foft foothing eRpreffion», and a fort of circumlocution, 
and fit filently by me ibr a confiderable time. At other times 
he would confidently come and fettle upon my fhouider, and 
there folicit my favour and pardon with foothing expreifions 
and carefiing gefiiculations ; not otnitting to tickle me about 
the neck, ears. &c« 

Tom appeared to be infioenced by a lively fenfe of domtna* 
lion (an attribute prevalent in the animal creation) but never* 
theleis his ambition, in this refpe^t, Teemed to be moderated 
by a degree of reafon or reflection. He was certainly by no 
means tyrannical or cruel. It mud be confeired, however, 
that he aimed to be mafier of every animal around him, in 
order to fecure his independence and his felf prefervation, and 
for the acquifition and dd'ence of his natural rights. Yet it> 
general he was peaceable and focial with all the animals about 
him. 

He was the moft troublefomc and teaming to a large dog 
whom he could never coiKjuer. This old dog from natural 
fidelity and a particular attachment commonly lay down near 
me when I was at reft, reading or writing under the thade 
a pear-tree in the garden neai (he houfe. Tom (1 believe 
from a paftion of jealoufy) would approach me wilh^ his ufpal 
carctTcs and flattery, and after fecuring my notice and regard, 
he would addrefs the dog in fomc degree of' complaifance, and 
Jby words and adlions ; and if he could obtain accefs to him, 
would tickle him with his bill, jump upon him, and compofb 
hiipfeir for a little while. It was evident, however, that this 
fie^ming fociabtIUy was mere artifice to gain an opportunity to 
pra^ice fome mifebievous trick, for no fooner did he perceive 
the old dog tp be dozing, than he would be fure to pinch his 
lips, and p!u<^ his beard. At lengthy however, thefo bold 
and hazardous achievments had nearly coft him his life, for 
pne time the dog being highly provoked, he made fo hidden 
and fierce a fnap, that, the crow narrowly efcaped with his 
head. After this Tom was wary, and ufed every caution and 
deliberation in his approaches, examining the dog^s eyes and 
movements,^ to be fure that he was really afieep, and at hfi 
would not venture nearer than his tail^ and then by flow, 
d filent. 
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and wary Aeps, in a tideways or obli()<ie manfMr^ 
ipresding his legs and reaching fV^rward. In this potition 
would pluck the long hairs of the dog's tail. But he #oa]<i 
always take care to place his feet in fueh a manner to he ready 
to fiart oft' when the dog was roufed and fnaipped at hifn« 

It would be needlefs (t^ferves roy mgenious friend in the 
vMtlution^ of this entertaining aceourVt of the crow) to re- 
count inftances of this bird's underftandingy cunning, and 
operations, which certainly exhibit incontetiible demontiratiOrts 
cf a regular combination of ideas, premeditation, refledion, and 
contrivance, which inftuenced his operations. 
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An Account qf the Seiches qf the Luke of Geneva* 

By M. Vacchek 

Suadcnandir- ifthabitahts of the banks of the lake of Geneva, de- 

regular rile and ' 

fall of the lake fignate by the name of feiches certain fudden find irregular 

fcich^s which take place in the level of the waters of the 
fake, and have to relation with the regular and annual in- 
creafe produced by the melting of the fnows. This phe- 
fiomenon was deferibed at the beginning of the lati century. 
Jatio de Duilers in the 2nd vol. of Spon's Hiftoi'y of Geneva; 
and afterwards by Jalabert in the Academy of Sciences; 
Serre in the Journal de Savaiis, Bertfartd, and by De SaulTuro. 
in the 1ft vol, of his Travels in the Alps. But though feveral 
of thefe philofophers have attempted to explain the fad, as 
We (hall hereafter remark, yet no one has confidered it with 
precifion, and as a general phenomenoft, THe editors of 
the Bulletin des Sciences, from whofo excellent ftieet 1 take 
the prefenl account, have followed Mr. Vaucher, and after^ 
Wards profent the different explanations. The numerous 
bbfervations of that philofopher have led him to the following 
general refults. 

Particular dcuU 1. The feichcs are not peculiar to the lake of Geneva, they 
of the alfo ribferved in the Lakes of Conft'anCe; Zurich, Annecy, 

in^ihcr lakc7/ Neuf-chatel, and in the lake Major,' add there are ftrong 
reafons to think that they cxift in itioft lakes, ^though they 
•may not have been fufftciently obferVed, 

* From the Bulletin des Science, No. 96. 

2. It 
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9. It appairs, however, to be true, that the phenomenon ^ 

. is more remarkable in the lake of Geneva than any where ^ ^ 

elfc that it has been obferved. In fa^l, the level of the waters 
of Leman lake have been feveral times obferved to rife at a 
given place in the coarfe of 13 or 20 minutes, three, four, 
and even five feet, and to fublide fume time afterwards, 
whereas the firongeft feiches obferved in other lakes, have 
been four or five inches in the lake of ConHaiice, eighteen 
lines in that of Zurich, four or five lines in that of Annecy, 
and only a few lines in the lake of Neuf^Chatel and lake 
Major. 

3, In all thefc lakes, particularfy in that of Geneva, the More eonfider* 
feiches are moft fenfible in that part of the lake which is 
nearclt the outlet of its waters. Accordingly they are no 
more than one or two inches, at the diftance of two leagues 
from Geneva, and at the extremity near where the lake re- 
ceives its waters the feiches of the Jake of Geneva are not 
Wronger than thofe of the other lakes here mentioned. 

'k In Ihcfe dilferent lakes they are moft fenfible in places and where the 
where the lake is remarkably narrow. 

3, The feiciies may take place indifferently at all feafons of the> happen at 
the year, and at any hour of the day; but in all the 
it has been obferved, that they are mure frequent in the day * 

than in the night, and in the Ipring and autumn, than in the 
winter or fummer. 

(>. It has been obferved in p/irticular in the neighbourhood but molt ftrik. 
of Geneva, that the ftrongeft feiches take place at the end of *"2*^ 
the fummer, that is to fa^, at the time of the greateft elevation higheftj 
of its waters. 

7. The feiches are extremely frequent, but they are ufually 
a few lines, ©r at moft only a few inches, in which cafes they 
cannot be perceived without exa^ apparatus to obferve the 
level of the lake. It is froru a w'anl ot this obfervation that 
they have been funp0fed to be very rare, as thole feiches only 
could be obferved without apparatus which vaiied feveral 
feet. 

8. The feiches lake place without any agitation or motion attended with n6 

of undulation or current in the furface of the fluid. agitation, 

9. Their duration is very variable, feldom exceeding twenty do not laft 

or twe»ty-fit'e minutes, and often much Icfs, ’ 
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lihey fcem to be 10, This phenomenon takes place in al! temperatures, bat 
tlcigh^of\Tcat- i* refults from very extenfi ve tables, that the feiclK» 

mofpherc, an4 ‘are more frequent, and more extreme, the more variable the 
■re thouijht to almofpherc. Remarkable variations of the 

barometer have been obferved to correfpond with confiderable 
fetches, and It is an opinion generally received among the 
Kfliermen, that the fetches are a fign of change of weather. 
In particular, they have been obferved to be very ftrong when 
the fun comes to thine very ftrongly on a fpol, a (liort time 
before obfeured by ^ thick cloud, 

Ixphnations by After this expofttion of the phenomenon, fome notion may 
vanoui refpfcfling the value of the different explanations, 

M. Fatio attributes the feiches lo violent guffs of wind which 
drive the waters into the narroweft part cf llic lake, Mr. 
Jalabert attributes them to (bme fudden encreaie ol the Arve, 
'which falling into the Rhone at a Oiort diffance from the lake, 
arid entering the river al a confiderahle angle, may in fact, 
fometimes ftop its cOurfe for a (hort period, and in that manner 
raife the waters of the part of the lake neareff Geneva ; laftly, 
Mr. Bertrand thinks this phenomenon to be occafioned by 
eleflrlcal clouds which allradt the waters of the lake, and 
produce ofcillations more fenfible, the nearer its oppofile 
banks may be to each other. Without dwelling on the in- 
fufficiency of thefe three hypolbelis to account for all the 
different fa6is before mentioned; Mr, Vaueber obferves, 
that the true explanation ought to be twoifold ; namely, 
general in order lo (hew the caofe of thofe lefs conliderable 
Niches which are obferved in all the fakes, and over the 
whole of their furface ; the other mud be local, and explain 
why this phenomenon is much more feniible at the weftern 
extremity of the lake of Geneva, than in any other known 
p)aoe« 

Mr.Vaueher fefpca to the firff, Mr. Vaiicher aferibes it to the 

mferibesthernto fnequent variations which are feniibie in the weight of dif- 
pneffure Taing forent columns of the atmofphere, and canfequently in the 
moreftrongly on preffure it exerts on different points of the furface of lakes 
hkedun at eaiily conceive, that if the weight of theatmofpbaric 

place of rite. column be fpeedily diminitbed in a given part of a lake, with* 

* This caufe was before indicated concifely by D€ Sauffure, in 
his iiril vol, of Travels in the Alps, 


out 
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Dut the fame thing happening over the reft of the fur lace ; 

, hr ftill more if the vi^eight (liould be augmented upon that 
remaining furface, the wafer will be forced to rife in that 
iaft place, and will again delcend when the atmofphere flial! 
have refumed its equilibrium. It is known, in fa6t, that thefe 
variations of (he barometer are fo frequent, that it can never 
be faid to be cxadtly ftationary : it is known, that (hey, can 
be .produced by changes of temperature, and De SaulTure has 
calculated that a diminution of three degrees in the column ef 
air wwll account for a variation of 0,85 of, a line in the ba« 
rometer. It is known, that thele variations are moft frequent in 
mountainous countries in auluntn and in fpring, and pievious 
to ftorms, circumftances which .coincide with the greater 
frequency of fciches at thofe times. This general caufe tends 
to explain the ilighi variations of level which are common to 
all the - lakes; it is even of fuch a nature as to be applicable 
to all extended furfaces, and it is therefore probable, that 
thefe variations of level likewife take place in the fea, iude* 
pendant of the flux and reflux, which may have hilherto pre«> 
vented their being obferved. The variations in the weight of 
the atmorphcrc may perhaps contribute to thofe fudden and 
local elevations of (he waters of the fea, which have all been 
indiftincily confidered as of the nature of water-fpouts. The 
fame cauie ought likewife to act on rivers, but inftead of raifing 
or diiiiinilhing their level, it ought, according to Mr. Vaueber, 
to produce a momentary acceleration or retardation of their 
couife; an obfervj^tion difticult to be made, and not hilherto 
attempted. 

As to the fepond part pf the explanation, namely, that which —and he 
flipuld account for the great inlenfity of the phenomenon tL^laklT 

the extremity of the Leman lake, near Geneva, Mr. Vaucher of Geneva to be 
recurs to two circumftances peculiar to that lake, and 
are found in a lefs in thofe of Zurich and Conftance, * * 

wlierc die feiches are^ moft remarkable after thofe of the lake 
of Geneva; namely, the contradion of a lake in a given 
place, and the defeent of its waters towards the place of their 
difcharge. With regard to the firft of thefe circumftances, it 
will be fuilicienl, if attention be paid to a chart of the Leman 
lake, to (hew that it is very remarkably contraded ac its weft- 
ern extremity, fo that at half a league diftance from Geneva, 
it has not one third of the breadth of that before Thonon. Now 


we 
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we maj compare a lake of this form to a fyphon fiiB of water, 
of which the branches fliould very much differ in diameter;' 
and it wiH be evident that if, for example^ their inequality 
being as fourteen to one, the fmalleil branch fliould foddenly 
receive by the augmentation of the atmofphere a furcharrge 
equal to that which deprefles the barometer one line, it would 
iUi 1 clitics, and the water which would be driven into thegfe^i 
branch would raife its furftice only one line; whereas, oft thb 
contrary, a furcharge which Aiould deprefit jilp level of the 
great branch only one line, w*ould raifo it for^ moment four- 
teen in the fmaller^ The would be double if at the fame 
lime the weight of the atmofphere fliould dimtnifh on one Uf 
the branches, and cmcregfe on one of the other. We 
therefore admit that in lakes, the breadth of which is remarif- 
ably contrad^d in fonie part, the influence of the variations of 
the atmofphere to produce feiches will be greater in the narrow 
than in (be wide part. 

And aif<5 by clr* A like effect will lake place according to Mr. Vaucher, by 
rsimihnccs at- reafon of the incHnation obfcrveble in that part of the furliice 
C owing off of I*'® where it difeharges its water. He 

the waters. remarks that every particle of a liquid on a Hope may be con* 
iidered as folicited by two forces; one which tends to raife it 
to the level of the ifiiperior part of the flope or the refervoir, 
and the other which urges it in the direction of the current. 
If by the fudden dfepreffion of the fuperior fluid the current 
be for a moment Tupprefled^ the parti^ will no longer find 
itfclf urged but by the firil of tbefe forces, and will rife to- 
wards its ancient level, and (oon afterwards defeend. Now, 
as we have before feen, all the parts of lakes which have very 
perceptible feiches have a remarkable flope; this flope is natu- 
rally more coufiderable at Uiofe times of the year w'hen the 
Waters are highefl, and ihefe are the periods when the feiches 
arc .ftriking in tlie neighbourhood of Geneva. 

SmgoUr appear- ludependent of the phenomenon of fliC' feiches, the lake of 
■ ance which Geneva and mofi other lakes afford two other fingular pheno- 
tyut^thTfuTfacr ** kni)wn by the fifliennen of the Leman lake 

of the lake is by thji name of fontaines. This takes place when the lurface 
fniooth lake, inflead of being uniformly calm or uniformly agi* 

^ have certain parts calm and certain parts agi- 

^11^1 which are often mixed among each e>lher in ‘a thoaland 
maftiicrs, and always very difiin^ This fa6l feems to indi- 

cole 
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tfcwdiflfefeot Atmofphefic coIurtTis, though very neaf edch 
•killer^ moy fome of them be agitated and others calm. ^Tbi^ 
ijll^dafance of the furface of the take is Oonfidered by the 
Hihcfrit^n as a £gn of fain. 

The feeoud phenomenon of which Mr. Vaucher fpeaks. Another phe- 
dondtls it! certain fonorbti* dtftant e^tplofuins or 

referable (hofe of the difcharge of artillery, and are fometimes noifl of arul- 
heard in the Une fummef evenings. This phenomenon is rare, icry. 
fetit is neverthelefs atlirmed by feverAl inhabitants near the lake 
W Geneva, Italfo takes place iti the lake of Zurich accord- 
ing to Mr. Efcher, and in that of Baikal according to that ot 
Mr. Patrin. Mr. Efcher afTerts that half or three quarters of 
a minute after having hwird one of thefe noifes he faw a bubble 
of air about a foot in diameter rife out of the lake of Zurich. 

— W. N. 

It does not feem to me that any of the caufes yet pointed out ObjedtJonstathe 
arc fufficientto account for the effect of the feiches. Sudden 
or flrong blafts of wind eoold fcarcely operate in this way fo ed ret^ding the 
partially as* that the exiftcnce of fuch fqualls fliould not at the fclchus* 
fame time have fixed the attention of the common people as 
well as of the more accurate obfervers who have noticed thefe 
changes. It is perhaps equally difficult to fuppofe fuch un- 
heeded variations to take place in the Arve fufficient to account 
for thefe very remarkable changes in the lake, Mr. Bertrand's 
eleftrical hypothefis refers us to a clafs of appearances too little 
onderflood to be admitted, otherwife than in the way of loofe 
Conje6turc ; befides which, it mufl: be remarked that the agency 
of electrical clouds is much more generally directed to moun- 
tains than to the valleys in which lakes mu ft neCelfarily have 
their fttuation. Much ingenuity is laftly fliewn by Mr, Vaucher— particularly 
?n his explanation, whieh neverihelcfs requires us to admit v*uchcr?of 
atmofpherrc columns confiderably differing in weight and oc- atmofphcric 
capying very fiiiat* extent of furface. If' iliis be even admit- P^^***^** 
fed as poffible,' yet ftrong doubts n>ay fnrely be entertained ai 
to its probAbilfty. It appears to me that the ohjvd in queftiod 
admits of an OAfy foiution upon other principles, and alfo that 
his eXplanution Is groundAdon politions not confiflent with thO 
known laws- of ftaiics. 

This ingenious author aftumes as the conditions of his ge- Recaphulatroii 
#tcnri theory iimt the lake feouid confift of two portions ^eda'afoOT! 

water. 
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water, one much more exlenfive than the other^ and eonfiefied 
by a narrower portion or gut. He then flates that if the at* 
mofpheric pretfure be greater upon the larger farface than on 
the fmaller^ the hrfi will be deprefled and the latter will rife> 
and that the di^erencc of elevation in each furtace occafioned 
by the pacing of any given quantity of water will be greater 
the fmaller the furface* 

Noatmofphcrie ‘ This is very true$. but ft can tn no cafe happen^ that the 

chsngtwnmakc difference betwe^ the level of one water and the other can 

a grtafer alter- ^ . . . r • 

acton in the lake amount to a greater quantity than that of a water barometeri 

itin the c by A like change, namely, about fourteen lines for every line 
of variation in the common barometer. That is to fay, if the 
barometer were to rife and fall again through half an inch, in 
the Ihofitime of a (eiclie, which I believe iearcely if ever bap* 
pen'*, the feichc itfelf could not rife above feven inches. The 
whole range of variation in the barometer could only caafe a 
rtf« of three feet and a half indead of hve which fometimes 
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happens, 

I w’ould venture to conjedure that this phenomenon is one 
among the numerdtis ofeiliatory procelTes which take place 
when two variable natural powers are oppofed to each other 
in the produdion or modification of any event, Mod fmall 
lakes are formed by the enlargement of a river, by which the 
lake is fupplied ^t one end and evacuated at the other. The 
quantity of w^ter in the lake itfelf will, in tbofecircum fiances, 
be always more than w'ould be fufBctent to fill its capacity, 
.taken irom I he level of the Idweft point of difeharge. How 
much more it may be than this quantity will depend upon the 
ilreams which enter and pafs out. An increafe in the quantity 
of fupply will keep tiie level b^her, and fo iikewife will any 
increafe in the obflacles to its fiowing off; and on the contrary; 
if the rup{)ly be diminifhed, or- if the facility of <ilfnmboging 
be encreafed, the level will be deprefled, - Thefe e^6ls will 
take place mull flrikingly at hi fl at that end of the lake where 
the eflicient caufe operates. When any change hasoiwe taken 
place, fufb as that of the depreflion, it will continue for a 
fliort time after the caufe hasceafed to a^; fo that the depref* 
fion would itfelf be followed by a rife, even if the circum* 
Hances which caufed it were not alfofubjefi toa like variation. 
Changes of this kind, on a fmall fcale, ere obfervable ib*mill* 
dams, and even in Uie fmooth pl;^cet in brooks or rivtdets, af 

may 
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lhay be observed by taking notice of fume part of the bank 
.Where a gently riling fand' may render llic changes of level 
j more oonfpicuous. The variablcnefs of the weather at the It muE be tnoie 
{ fliring and autumn, by occalioning more frequent changes in 
file quantities of water, and confequentiy in the Rale of the tuinn% 
rivers above and below the lakes in queflion muR render the 
feiches more frequent and extreme at thefe limes. They will 
aifo be moR evident at the ends of a long lake; and the other 
circum Ranees wifi be modiRed by events that for the moR part 
would require to be afeertained by obfervations of the local 
circumRances and events on the fpot, 

• The diftindl portions of rough and fmooth furface called The diftlnfit 
fontainett, which are obferved on the lakes, are very firikingl) 
ieen at fea whenever a breeae fprings up after a dead calm, rough furt'aceoa 
This efFcfl is very remarkable, and may perhaps be accounted af^or 

ibr on the ruppohtion that the incipient motions of the air may a calm, 
be attended with eddies that may ad more flrongly on one part 
of the furface than another. This however does not feem re- 
concileable with a certain Readinefs of appearance with which 
the fmooth and rough furfaces i:ontinue diRind from each other 
for certain lengths of time. 1 am not much fafisfied with the 
conjod.ure which offered itfelf tome, or which may have been 
mentioned by feme other perfon when 1 was at fca many years 
ago; but . it< al JeaR deferves to be noticed here. It is well 
known that wind, fcarcely lakes hold of water which is 
epvered with^y, pily film# J*nd from, the experiments of Frank- 
lin and others we have learned that a (ingie drop of oil will Suppofed to urlfi* 
aapidly fpread over a large furface of water, and caufe all 
final i primary waves* to fubiide, rendering the furface extremely the water, 
fmooth. It. fepmed to.me not unlikely that oily matter from 
animal remains might rife to the furtace of the fea daring a 
calm and fpread itfelf irregularly over curtain parts, which 
would oqntinae fmooth for a coniiderable time afier the light 
commencing breesse had ruRied the other parts. I think from 
recolledioD that tnis appearance could not have laRed more 
than a quarter of an hour; but it is very common, and 1 often 
law it. May not .a iimilur caufe produce the appearance in -.of the iJce 
the Jake of Geneva. ' 

The fonorous reports refoinbling difoharges.of artillery feom Thefonorous 
very likely It) arife from the extrication of gas at the bottom 
of the waler^ which rifes .and breakiat the furface. 1 iiavc fuppjed 

no by gaf?s« 
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Up remark to snake oo this but advi^t to H 

willi a view to mention an jrrr!rnlljf ,. 

calculated to...9iew the a fmaii ^uanti(f|f;pf aC- 

Remarkable ef- celling air can produce in a fwimmer fill \)i$ lui^s 

fed of agitation with air b^Jnhaling a^ much as poifible. and then dive^^wn 
iiu^ty T' d *“»Oi ‘he mil« to tbc depth 

blown (lowly more feet p ani4 wjsen at that depth thp air out .of 

Lm°s at the f ^ will, biiuj^if .hear a ,noife, ao^ the (poc- 

<iepth of feveral Ufers wUl Xoe ^lll) .furprife tlie 9I' the water raifed juto 

furfa^”**^ Wt'd <**■ ^onici^^mafs afioui n yard jp. height, vyjth the ^atec 
flowing round on all fides over a furface pf feven or pight fquare, 
'feet« .1. bay.e rtjttfp .,tbpt the noife of .tins nfing co* 

Iqnan pf water w^li the breaking of the bubbles of air would 
bp very rpmac^table in . one of die dill evenings or iiight.s of 
femmer^ whan tlie oifeift of noifei h remarkably more im* 
prefiive than when the louder , founds of j^he day repdpr them, 
kfs obferyabje* j;pd in many inftances altogether inaudible. 


m 


Experiments W o fbtHdin the heft Colour for marking the Heads of 
Elects of Cotton or Linen in the roughs which fluM he capable 
ef refifting the Operutiom tf Bleaching ^ as wU as the mqft 
eamjilicated Proctjfes of Calico Frintingf • xuithout Jjireading 
the Limits (f the J[y j(lr; jlA<uFFMAirN** 


Properties re« In order that a colour may be proper to mark^piece goods 
m ”k^n °col§r^ of every kind it is requifite that it fhottUi. contain no fubfiance 
crVnk!^ ^ ^ capable of Iblution in alkalies ; H is^equally ncc^flary 

that its component parts (houldnot become^.white byoaygena^'- 
tfoit« and that they ibould remain infoiuble in acids^fafficiently* 
for the bleaching proceffeSi as well as fer tbeoperations 
antecedent to the calico printing. 

Oil colours are Colours compofed Of drying oil cannot therefore^ as I have 
y?cld*trt^alie7 ufeful in thefe kiud.,of marks, becaufe they are net 

&c« ' only attacked by alkaline andibapy liquids, but thkewife be- 

caufe they dry (lowly, and by fpreadiog beyond the Kmils of 
hDprctfion, very ofeen occafipn fpots. . 


* Annaki da<Chimk, LIH. SOft* 


If 
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U tlie ccdiOUfs of fpirltuoiis varniflies were not Iubje6l lo the 
.inVooyenjenoe of top fpeedy evappraliop and drying they would thirrefpcdt/ 

be iniMjmifrtble on apotlier account, namely, that the turpentine 
I and refins are eufily converted into (‘pap. Gum copal is equal- Copal yields 
ly unfit for marking colours, becaufe it quits the piece by ^®*^*”* 
ebullition in w'ater. But as the varni{b which 1 have 
n)Bde defends vetre|s of copper or any other roetal from tb.e 
ai6lion of acids of a pertain firetjgthjas well as from that of thn 
atmorplicre, I have thought it might not be unacceptable to 
deforibc its Gompofition in this place. To obtain this varnilh Procersfi>rmak* 
from copal as pale and clear as water, this gum mull be re- ^coplun 
duped to very fine powder and expofed with twelve parts of powder i» dif- 
the finell oil oi turpentine for feveral days, or until it (hall be uatlon^ 
completely ditfolved at a moderate heat on a fand bath in a in oii of mpen- 
capfule of brafs. Hone ware, or porcelain, taking care to llir 
li as often as podiblc w'ith a rod of glafs. At the moment 
when the conti Hence of fyrup begins to take place, thC'entire 
lolntion of the copal is efleCted by agitation, ^ particularly if a 
fmall quantity of oil of turpentine be added from time to time 
to fupply the Jofs by evaporation. Three fourths of the oil of 
Jurpeniiijc vvbjcb is loft by evaporation wixjn open velfeU are 
ufed, may befaved by performing thcprocefs in a long necked 
matirafs, which is to be expofed on a (and hath a fuffreient 
time to complete the folution of the copal, and tliaking it very 
often. The varnitb obtained by either of ihefe methods be- 
comes ycljowifli if the heal be.urgecl loo flrongly; and as by 
its too glutinous coniilleoce it would be difficult in its applica- 
tion, it IS convenient, inllead of diluting it with oil of lurpen- The copal var- 
tine, to mix it with one fourth or one fifth part of its weight 
^Icolioh taking care not to ule too much, becaule an excefs hoi. 
wouU render ii of a milky white by the precipitation of part 
ot the copal, which cannot admit m its folution more than a 
certain quantity of alpohol wiiiiout precipitating. VcOels ofMetalUc vrtTefs 
brafs or of any other melal may receive one, two, or three 
coalings of tbi&'Vainiffi, and mud be each time well dried in them may be 
the oven. After this treatment they may be waflied with boH- ^ 
ing water without injury, and may even be expofed to ^ it ill out injury, 
greater heat without the varnilh coining off; but th,e£e vefTels 
mufl not be rubbed with fand or other hacd bodies. 

By .means of oil of turpeptine, which evaporates and dries An oily corns- 
left fpeedily than alcohol, 1 fuegeeded in making a black com- fng rfnln 

pofition other goods. 
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poAlion, which I expelled might be ufed with advantage in 
marking piece goods. . For this purpofe nothing more is need- , 
All than to dilTolve tlowly on the tand bath, and with conAaiit 
agitation* One fourth of its weight of afphaUum or bitumen, 
judaicum well pounded, and afterwards to mix as much lamp 
black, or any other dark coloured mineral in fine powder, 
fncih as black lead, galena, or the like. This colour may 
be had more or lefs thick, by due proportions of the oil 
of turpentine and bitumen j it prints very well without 
running, if the proper proportions be attended to, and a 
little oil of turpentine be added when it becomes too thick. 
This bituminous colour fopports the action of alkalies and 
of oxigen very well, and refills all acids of moderate 
ilrength. 

As I thought it unneceflary to continue my experiments on 
oil colours, I made my experiments on watery compounds in 
the following order* 

* 

Section I* 


Ftrft maikmg I diflblved in four ounces of water one ounce of the fiilphatc 
plcmon Manganefc without its water of cryftallizalion ; that is to 

of a folution of fisy* it was In the Hate it pofiencs when oxigen gas is pro- 
fulphate of man- cured from the black oxide of manganefe, by means of the 
with gum, and mtpnuric aCKi, and by railing the heat to ignition at the end 
covered^ of ihe procefs* This folution was thickened with one dram 
d™h bemg'tVcn adragan in powder, and coloured with lamp 

dipped in alkali, black, in order to difiinguiib exactly the impreifion which 
may be eafily made with this black. faline metallic mafs of 
which neverthelefs, we cannot make eflfedive ufe without 


the manganefe 
precipitates in 
tvown oxide 
which aflbrds a 
mark not to be 
difeharged by 


plunging the end of the matked piece into an alkaline ley, 
taking care that it fliafi not firll be wetted with water, which 
Weaching, or by would carry off the faline matter. The ley may be made 
procctfcs!*"^ potalh or foda, in the proportion of one part alkali to 

nine or twelve parts water. It may be ufed in the ftate of 
carbonate, or rendered caufiic with half a part of quick lime. 
The precipitation of the oxide of manganefe from the marks 
by either of thefe alkaline folutions will take place (exclufive 
of the ftain from the lamp black) ^f a yellowifli white colour, 
Hvhich will become more and more brown by attracting the 
oxigen of the atraorpbere. The change of th^fe marks to 
the brown, and even to a deeper colour inclining to black’ 

w-iU 
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will take place very fpeedily by bleaching with the oxigenated 
alkaline inurialic Icy, Ihc pieces of which the ends have 
bct n plunged for a few minutes in the alkaline as before pre- 
krihed. Tlielc marks of the brown oxide of manganefe 
reftrt not only all ihe bleaching materials, and all acids of a 
requifiie rnree, but likcwife the moft complicated procefs of 
manufacture of calico printing. 

ScStioit II. 

If the acetic acid had not a much ftronger affinity with acetate of 
mangaru'le than it has with iron, and if it difengaged it- ' 
felf as readily from the acetate of manganefe as it docs out the fame 
from the acetic folution of iron by evaporation and drying, 
we Oioiild be able to procure indeliable marks in the moll coft'.y itmuh be 
timiile manner, by depofiting the oxide of manganefe on 
piece goods by means of (he acetic acid, and afterwards 
i'lmply leaving the oxlvlc to the altradlion and faturation of 
oxigen from tin* air. 'flic acetic folution ol manganefe is vciv' 
readily obtained by nruing a proper ipiuntily of acetate of 
lead in a folution of fulpbate of manganefe. But as this 
acetic folution affords no advantage in marking piece gooihs 
beyond thofc of the fulpbate of manganefe, and as it requires 
precilely the fame management as that deferibed in llic laff 
fedion, and it is likewife more cxpcnfive, it deferves to be 
rejeded. 

St ft ion III. 

Two ounces c' fulphatc of magneda diiToivcd in eiglit Sulphate of 
ounces of the acetic folution of iron, concentrated to the point ^etftc^on'on ^ 
indicated by twenty degrees, afford when thickened with treated as before, 
one fortieth part of gum adraquack, a deep yellow qujcicly.”^^ 

which becomes more and more brown, wdien treated ab- 
folutely in the fame manner as deferibed in the firfl paragraph. 

The acetic folution does not, however, afford any other 
advantage but that of caufing the marks to dry a little more 
fpeedily ; for the oxide of iron diflblves in acids accordingly, 
as it is oxigenated. I give the preference to gum-adragant 
for tiuckeiiing colours, to other gums and to (larch, becaufe 
Ihefe fubdances weaken the colours too much , if however, 
there fliould be any objedlion to gum-adragan in coarfe goods, 
fiarch may be (hen ufed. 

Vot, XII,--^Noyim*kr, IS05- P 


IV. 
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Section IV. 


If care be taken in the procefs of difengaging oxigen ga^ y 
from a mixture of the black oxide of manganelb and fulphuric j 
acid, not to carry tiie fire to ignition, the (aline relidue re- 


Marks printed 
with the p ey 
oxide ot u.aa- 
g^nele f-biained 

reii'du^I mains biackifli, indead of becoming ycllowifli white b) ftroug 

affbtd fixed beat. When this rctlduc is diflblvcd in water, it leaves 

marks b. htnplc behind it an oxide of a deep grey, which acquires a very 
party confirtencc on the tillre. This oxide mixed witlj a very 
little water tliickoned with gum adraganl, may be uied to print 
marks of a very deep grey, which dries fpcedily; and this 
colour does not walh oat with w'ater, even though the Tub- 
fequent dipping in an alkali be omitted. It is io lixed that 
it not only lupports the a6lIon of aH acids of the maim I act ur- 
jng rtrengths, but likewife all the bleaching and printing 
procertes without attracling the colouring mailer of any dye 
whatever* 


Sedion V. 

AddUlon nf the If there were no reafon to fear injuring In a flight degree 
intio murutcof is made, it would be advantageous 

ing oxidi-. It to employ equal parts of the laft delcribed grey pallc, ana 
jflords ad;c. 3 ^ muriatic folulion of tin, containing one fourth part 
of the metal, and thickened with gum-adragath. This 
colour is as unalterable as that of the fourth (c^ion ; and it 
has the additional advantage, that its oxide of tin being fa- 
turated with oxide of oxigen, attracts the colouring parts of 
any tincture, and acquires a puce colour by madder. 1 nuift 
obierve on this occafion, that by the fame madder dye, llic 
colours of marks from the oxide of mangauele faluialed with 
oxigen, become of a deep puce colour, inclining to black, 
whereas in a Id’s oxigcnaled ftale they acquire fainter rtiades. 
In all thefe circumrtanccs however, it is requifite, that the 
quantity of metallic oxide fliould be as great as poibble, other* 
wife the (hades will be various, and lets iutenle. 


Stdion VI. 


'Exp'nnicnts 
With ne ;i.c- 
cnn:ii of min- 
g-mefe and folu- 
tion of iron. 


As many infoliiblc metallic oxides acquire the property of 
adhering to ftufF^ by means of acid, Idid not (ail to tiy whether 
the lame would he the ca(e with the precipitalu of inanganefe 
lalurated with oxigen. for this purpoie 1 dilTulved one part 

of 
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of fulpliate of mangaiiefe in fix parts of water, and prccipi- Experiments 
teted the metal by adding to tlie point of fiituration a caufiic of man- 

’ alkaline ley, maile with lialf apart of quick lime, four parts ga nr fc and 
of water, and one part of calcined potalh of the fliops. The ®f *‘'o*^* 

precipitate was yelh*wi{h while. To the wliole aqueous mats 
i then added a iufticient quantity of oxigenaled muriatic alka- 
line ley, unlil the precipitate was completely faturated with 
oxigen, and its hi own colour became no deeper. I alter wards 
collccled on a tiltre the precipitate or brown oxide of manga- 
nefe, where, by the drainage of its water, it became pally. 

This brown pafle, mixed with half its weight of the moll con- 
centrated acetic acid no longer affoidedany but a weakbrow'ii- 
ifh fiiade; it was the lame wdth a fmall addition of one or the 
other of the tliice ancient mineral acids in a date of folation. 

I did not fuccced better by mixing one part of the fame brown 
pafte with an f‘Cjiial quantity of the act‘tic folulion of irem, 
marking 20 ° ol the areometer of the faltpetre makers ami 
iliitkcned with gum adraganth. This acetic (oliition of iron 
containing ()n!> the quantity of oxigen neceffary lor the fo!u- 
tion ol' the metal ceafed by a llrongcr alhnity, the excels of 
o'ligen of the brown oxide of manganefe, wlucli in its turn 
fiecarne dllToIved, and tlie mixture ol the two metallic lolutioii-, 
afforded a yellow reddilli very deep and Iraniparent liquiil, 
which confirm* the fad that a metal faturated will) oxigen le- 
quires lefs acid for it^ folution lhan if it were in an uppofto 
Hate, and that being then lurniflied with an c\ci*fs of acid, the 
folution faturated with oxigen can admit a porlion ol ariiither 
metal without becoming tuibid. Thi:> mixed iolution of the 
Ivvo metals afforded me only a rufiy yellow wiiicli was dif- 
chargeil by w'oak fulphuric acid coni])leiel), in fomewhut Icf* 
lime lhan was required to take out a ruft fpot in a lefs oxigen- 
aled fi ale. In order to obtain from the rnixtiiie ol thelctvso 
metallic loin lions an indelible inaiking colour, it is neeelhry 
that the marks (hould be fieeped for feveral minutes in an oxl- 
genated muriatic Uikaline ley, to precipitate and faluraic the 
oxigen of the oxide of manganefe. By mixing halt a pa;t of 
the brown pafte of manganefe lo two parts of the foluliori of 
the t wo metals the new portion remains iinlouclu il and renders 
the whole turbid. This turbid mixture left onI> a light browm- 
ifti mark on*^iece goods, which had remained long in the di- 
luted fulphuric acid. 


r2 
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The muriatic 
folution of tin 
takes up the ox< 
ides of ifon and 
of manganefe. 


That oxigen 
and hidrogen 
may unite by 
preHuic. 


COMJifNATIOJX OF CHASES, &C. 

By means of the muriatic folution of tin, which has the 
property of taking the oxigen from many vegetable, animal, > 
and mineral fubflances, and which, on this account, is very 
ufeful in dying, as well as in calico-printing. We may dlf- 
colour and diflToIve inftantly the deepeft oxide of mangancffe 
and of iron, which proves the preponderating affinity of tin 
towards oxigen bc)ond that of inanganefo or of iron. 

iV. 7?, There is no reafon to objc6l to deeping the marked 
goods in an alkaline ley ; the operation is fpecdily made with- 
out fenfible lofs of potatli or of foda, if the operation of lix- 
iviating be immediately proceeded upon, for which the re- 
niaimlcr of the ley may be ufed. And generally, if the 
practice be ufcd which has been adopted for a number of 
years, of rendering tlie alcalles cauftic with quick-lirnc, the 
faving will be confiderable and with better effedl. 


XIII. 

Xoic on tJie Formation qf Water hif mere Comprejfion ; luith 
Bvjlcdiiom on the Nature of the EleStric Spark. By 
Biot.* 

It was fome time ago that, in converfalion with M, Ber- 
thollct on the nature and properties of heat, 1 communicated 
to him the perfuaffon I had, that the combination of hidrogen 
and oxigen gafes might be determined without the aid of 
eledlricity, and merely by a very rapid compreflion. This 
refult appeared to me a confequence fo immediately follow- 
ing the obfervations already made on the heat dilengaged 
from air by compreffion, that I thought it needicfs to afeertaia 
it in any other manner. But having fince converfed with Mr, 
La Place, he appeared fo intereffed as ftrongly to urge me to 
a verification. I therefore made the experiment, which com- 
pletely fucceeded. It was made in the cabinet of the Poly- 
technic School. I am greatly indebted to M. Haflenfratz, 
profeffbr of natural phiiofophy in that eftabliffiment, for the 


* Reavl to the National Inftitutc of France, and inferted in tht 
Annalcs tie Chimie. LIU. 321, 

great 
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altention he paid in caufing the requifilc preparations to 
■be made, and for iiis pcrfonal adiflance in repeating it. 

We took the f) riiige of an air-gun, tlie bottom of which Eaeperiment In 
was clofed by a very thick glafs, in order that we might ob- 
ferve the light difengaged as ufual by compreffion. This fy- gun filled up fo 
ringe was of iron ; it had a cock on one fide to introduce the wIJ* jdr^t* 

gafes, and its lower extremity on the fide of the pidon was ot infpedion 
enveloped by a cylinder of lead, fufficiently weighty to acce- ‘”^,5 
ierate the fall and render the compiellion more rapid. This with common 
apparatus was tirfi tried by introducing atmofplieric air ; but 
though the experiment was made in the dark, no perceptible 
light was teen, probably becaufe the violent motion necefl’ary 
for the rapid compreflion, prevented the operator from look- 
ing fo diredly through the glafs as to perceive the tranfient 
light which compreffion difengages, and which 1 mylelf had 
Icveral times feen. 

Immediately after tills trial a mixture of hldrogen and oxigen afteiunrdi 

, 1 1 - . r • . I • w/th a mixture 

gales was introduced into the lyringc, and a ftrokc was given. oxigen and 

An extremely brilliant light appeared with a loud detonation: hidrogcn. 

The glafs bottom was diiven out; The copper ferew which 

retained it in its place was broken; and the perfon who held firong luminoufi 

the fyringe had his hand flightly burned and wounded by the 

force of the explofion. 

The experiment was repeated, by fubftituling a brafs hot- Repetition with 
tom of one entire piece fere wed on infiead of that of glals. fyringe**** 
and a new mixture of the gales was introduced. The firll burfl. 
flroke of the jiiflon produced uu explofion, which was heard 
like the loud crack of a wdiip ; but a lecond ftroke with a new 
charge of tlie gales, caiiled a detonation which broke or rather 
lore the body of the iyiinge w ilh a violent explofion. 

After thefe phenomena there can remain no doubt refpedf- 
ing the combination of the two gales; as it is known that 
this combination produces the deionalion by the immenfe 
quanlity of heat iifengaged when they pafs to the liquid 
Hate ; a heat which is fufficient to reduce them immediately 
into vapour, and give them an exccllive dilatation in that 
Hate. It was not therefore thought neceffary again to repeat 
this experiment, which is attended with fonie danger. 

The theory of thefe piienomena is extremely Hmple. A Theory, tht 
rapid compreflion forces the gafes to abandon ^ very great 

5 quantity 
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quantity of heal, which not being capable of immediate 
pation, raife*? their temperalure in the influnt fufhciently to 
inflame them in (his ftate of comprefhon. 

Thus it is that we find in the two gafes all the elements 
neceffiiry for their combinalion, independently of the eledtric 
fpark or external heat. Wo might probably in the fame man- 
ner, and without any foreign agent, produc e ail the gafeous 
combinations wiiich require an increafe of temperature. 

identity of refults lias led me to a notion which I 
fpark mi', fo'i- ^I'bmil to llie judgment of philofophers. It i^ kninsn, and M. 
iift merely of Kerthoilel has (hewn it in his Chemical Statics, that eicdlricity 
from compretTcd pafiing through bodies, produces a true comprellion of their 
a/r. particles. This efiecl is pioduced with the moft extreme 

velocity, ns may be ['roveil by an afilnity of experiments. 
Now eledtric ify poilLfiing a Ycloc'ity fo great, if is iinpolhblc 
that it (bould not (Iifengiige light from the air, (ince we can 
iblengage it by a compreflion fo much lef< ra[)id. Jn this way 
it is that we are led fo a conclufion, tliat this refult of the 
eledlric (park is the pmely mechanical efFect of compreflion, 
Noie ample ex- If w'e now compare what palles in our condenting pump 
^pl.mation. *1110 ciuliomcter ot V\)lta, we (hall find (hat the analogy 

oi elcftnc mat- is roinp’cte. Only that in tin? firft cafe v\e art; obliged to 

ter will ctjufinc (he nil , becaufe the velocil\ we can give to (he piT- 

conip.'cfs /rcc . ■ i ' , . . , . , 

ton IS Jirniteil. Whereas m employing eleclricily, the pailiclc.s 

are conipretred by a velocity fo great that they can never 

withdraw theinfelves wdtli fufficient fpeed from its ciTort. 

Therefore (he compretllon tnay be etjually well made in llie 

open air, together with the dilengagenient of light nr the 

(park, wliieh is its conferpience, l^ut this eflcd is local ; and 

if the gafes be not fufeeptibie of combining together, fliould 

after each cxplolion return to their primitive dinienfions, they 

muft immediately refurne in this dilation all the ln^at they 

had before dllcngaged, fo that there cannot be efiefled any 

lafling change in their conf'titution. Tbi.s explains why no 

alteration has ever been (ecui in very pure unmixed gafes, 

when fubjedfed to the adlion of the eledtric fpark. 

and alfn thf rare This light which clcdlricity difengages from the gafes by 

compreflion, it muft alfo difengage from the more rarified 

gafes, and on account of its extreme velocity, it rpuft difengage 

it even from vapours, when experiments arc made under the 
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jFeceiver of an air-pump or in the torricelian vacuum : For wc 
can never form a perfedl vacuum with our machines, and even 
in the tube of the barometer meicury alwa} s exills in the 
form of vapours. Thtde vapours, thou^jh very rare, fiill con- 
tain a large quantity of caloric, which the eleclnciiy miifl dil- 
engage in its pallage by comprclfion ; but lijc inllantam'ous 
augmentation of elediricity which reluli'-, cai.not bi ci>it.e len- 
fible on account of the little ot the ; but this 

incn'ate is perceivable in denier air, as wc lee in the inrtrii- 
ment called Kinnetlley^s thermometer. 

The confidera^iims which 1 .‘.avu here made, ar)peai io me Conclufion. 
to point out with lome probability, that the pheni>''epoi\ 
called the elci'^ric fpaik, is ov\ing to the light dilengagcv^ ‘r.un 
the air by coniprelIit»n during (he pafiage ot the ( lecbii ’t ; 
fo that this phenomenon is purely mechanical, ami imi al ..il 
electric in itfeli. Tins is the notion which I fubmii to »l)e 
judgment of plhh-tophers : if it be line, it mu (I tend eonti- 
deiiil)lv to diminifli the number ot liypoiliefes which have aL 
reacly been made, or may be made on the nature of elecln- 
city. For this reafon it is that I have otllred it to their eon- 
fideraiion, requefling tliat it may not be be thought that I 
coiiiider It as ot greater inijiortance tiian their deliberate exa- 
ininalion may beliow' upon it. 


XIV. 

4ccowit of Thermometers for rei^iftcrirt'^ the highcjl and loivcjl 
Temperatures in the Abfcnce oj the Obfrver, F. A, 

To Mr. NICHOLSON. 

SIR, 

^MtANy contrivances have been propofed and adopted for ThermometerB 
regideiing all the Rations of the theimorncter and barometer, for ^cgrTnng* 
by means of a float or other equivalent inftrument carrying a the weather, 
pencil, which marks its fituation on a turtace gradually moved 
along by means of a clock- Thefe, of which nielcorologifli 
know the value, are neverthelel** cxpenfive, and require a 
degree of care and management fuflicient to render iimplcr 

contrivances 
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^^thttnio- contrivances acceptable. Mr. James Six oommunjOaiml, 
about 25 years ago, to the Royal Society a thermometer, in • 
which two fmall indicating pieces were driven by the duid in 
the lubes to Nations where they fiuck, and remained after the 
change of temperature, and Ihewed the higheft and lowed 
degrees that had occurred iince the laft placing of them in 
contad with it. As this infirument is fufficiently known, and 
I am DOW to advert to a fimpler contrivance, 1 will ditmifs 
that fubjed and advert to this laft; 

Objeftions to it. In Air. Six’s complicated thermometer the tubes were ver- 
tical, and the indexes ftuck in the glafs by their fpring ; be- 
fides which, a fmall piece of fteel wire being expofed to alco- 
inomcter*^*h" length oxided and fet faft. The other contrivance 

Aews the great- London (hops, and refpeding which 

and Jeaft you will do an acceptable fervice to your readers and the 
temperatures, feientific world, by inferting a (ketch in your Journal, confifls 
fimply in two thermometers, one mercurial and the other of 
alcohol (fig. 1, Pi, X.) having their ftems horizontal; and 
the former has for its index a fmall bit of magnetical fteel wire, 
and the latter a minute thread of glafs, having its two ends 
formed into fmall knobs by fufton in the flame of a candle. 
Defcription. It The magnetical bit of wire lies in the vacant fpace of the 
thcrm™c*ter** mercurial thermometer, and is puftted forward by the mercury 
which thews the whenever the temperaluie rifes and pufties that fluid againftil: 

temperature falls and the fluid retires, (his index 
meter for the l^ft behind, and confequently fliews the maximum. The 
iniuimum, other index, or bit of glafs, lies in the tube of the fpirit ther- 

mometer immerfed in the alcohol, and when the fpirit retires 
by depreflion of temperature, the index is carried along with 
it in apparent contafl with its interior furface : but on increafe 
of temperature the fpirit goes forward and leaves the index, 
which therefore (liews the minimum of temperature fince it 
was fet. As thefe indexes merely lie in the tubes, their re- 
fiftance to motion is altogether inconfiderable. The fteel in- 
dex is brought to the mercury by applying a magnet on (he 
ou tilde of the tube, and the other is duly placed at the end oT 
the column of alcohol by inclining the whole inftrument. 

Queftlon. Why I beg you will explain the motion of the glafs index. I cart 
n- underftand from the general fa6l that 7uetcury rtpeh 
iMins in the that this fluid will drive the fteel index before k i but I cannot 

make 



ACCOVKT OF THEAMOMSTIRS; 

jEUike out to fny ratisfaftioii, how the fpirit, by attrading gTafs^ 
► can prevent the other index from ever riling out of its furface. 
Perhaps this tiling may be already explained in elementary 
books ; but whether it be or no» 1 am fure that an account in 
your clear and popular way cannot be thought fuperfluous* 

I am refpe£tfullyi 

Sir, 

Your obliged 

F. A. 


REPLY.— W. N. 

When the furface of the column of fpirit is viewed by a Explanation, 
magnifier, it is feen to have the form of a concave hemifphere, J[ccc*^w?re* 
which flievvs that the liquid is attrafled by the glafs. The traded beyond 
glafs in that place is confequently attraded in the oppofite 
direflion by a force equal to that which is fo employed in to it and draw it 
maintaining that concave figure ; and if it were at liberty to 
move, it would be drawn back till the flat Ibrf'ace was re- 
liored. Let us fuppofe a fmall Aick or piece of glafs to be 
loofe within the tube, and to protrude into the vacant fpace 
beyond the furface of the alcohol. The fluid will be attraded 
alfo by this glafs, and form a concave between its furface and 
that of the bore of the tube. But the fmall interior piece 
being quite at liberty to move, will be drawn towards the 
fpirit fo long as the attradive force poflefles any adivity ; that 
is, fo long as any additional fluid hangs round the glafs i or in 
other words, until the end of the flick of glafs is even with 
the furface. Whence it is feen that the fmall piece of glafs 
will be refifled, in any adion that may tend to protrude it 
beyond the furface of the fluid ; and if this refiflance be greater 
than the force required to flide it along in the tube (as in fad 
it is), the piece inuil be Aided along as the alcohol contrads; 
fo as always to ^eep the piece within the Auid* And tbii 
bd is accordingly obfefvad to take place. 


Ahjlra^ 
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XV. 

Ahftra^ of a Mtmoir on Milk, By il/. Then ard.* 

CrtTr.r.m''nt parts In’ a memoir which I read to the Phllomatic Society in 
•tiui praircal laft, I (liewed tha! milk always contains the free 

acetous acid in a greater or lels quantity. At the fame period 
MetTr^. FourcToy and Vauqiielin found that it alfo contains 
pbofphate ot magnefia^ and that the ladlic acid of Scheele, or 
that which is obtained from ferum of milk fpontaneoufly coa- 
gulated, is merely the acid of vinegar combined with an ani- 
mal matter. So that in the prefent (late of our knowledge 
we muft confider milk ascompofed of, 1. Water ; 2 Acetous 
acid; 3. Cafeous matter; k BiUteraceous matter; b. Sugar 
of Milk; 6. Extractive matter; 7. Muriate of foda and of 
potaQi; 8. Sulphate of potafli; 9. Phofphate of lime; 10. 
Phofphatc of magneiia. 

Of thefe eleven fubdances there is one which I particularly 
examined fome months ago» namely cream. I was defirous 
of afeertaining the circumdanccs which govern its reparation^ 
i^nd particularly its transformation into butler. 

Thr fcparatlon I had before obferved that milk coagulates as readily in 
tiller veflels ; I know that no gas is difengaged in 

jequirj avccfs of this depompoiilion, and that, in order to elTcCl it with ra- 
pidily, it is needful only to raife the temperature to betv^een 
20* and 40® (Reaumur J fuppofe; and, if fo, anfwerliig to 
77® and 122® Fahrenheit). It was clear, therefore, that the 
air contributes neither to the formation nor the reparation of 
cream, but that it exids ready formed in milk; but it remained 
to be diewn what are the principles which enter into its com- 
poiition. Being perfuaded, from various obfervations I had 
made, that it is only an intimate mixture of butter, cheefe^ 
and ferum, I proceeded to ufeertain this point by mixing a 
pint bottle (Englifh quart) of recent cream nearly to its oeck^ 
from which I difplaced the remaining air by carbonic acid. 
I then doled it well, and agitated it drdbgly in every direClion 
for half an hour; at the end of which time (he contents having 


® Soc. Philomath, No. 96. 
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l)CCome very tliicV r.n ’ afllirrin^ ftrongly lo llie firlcs of the 

LoUk", gradually becaiiie JclaciuMi, and foon af'U'iv\a" k were 

converted into a white liquid, in the midft of wliic ii rwam a 

yellow’ mafs of excellent butter. Hence it follows, U.a* tjie 

butter exlfts in the milk, and is feparaled when Ihe milk, 

being deprived ot’ the vital adion, is left to iirclf. At this 

lime, C'll.cr by the formation of an acid ariling doubllels from 

a decompofition of the ex traflive matter, or perhaps from the 

lefs tpecific gravity of the butter compared w’llh that of the 

cheefe; for the butler begins to feparate almofi at the moment 

that milk is poured into a vefTcl the milk is decompofed, 

the cream rifes to liie top, and trom thisldfl, by agitation, and 

more pariiciilaily i)y t!ie aliillance of a temperature between 

Jj*'’ and * 20 ^ to 11 ^' F.), butter is obtained together with Procefs of l>«u 

buttcr-iniik, which is a white v(‘r\ mild liquor, in which 

butler and dieefe are fatpended in a very divided ftate. But 

the butter thus obtained is not pine : 1» (till contains a portion 

of cheefe amounting foinetimes to the fixth part of its weight; 

and this is the caule of its fpeedily becoming lancid, parti* 

cularly in fu miner. When the cheefy matter is feparaled by 

fiifioii, the butter may be kept a long time. It is true indeed, 

that by this fufion it acq iires aij acridnefs which greatly limits 

its ufes, and makes it unfit to bo employed in frying; but this 

clifad.antage migl^be remedied by keeping the temperature 

much lower than is ufual,* Clouet fir ft made this obfervalion; 

and hence the following proc efs may be adopted for purifying 

butter, or (cparaling the cheefy matter wdlhout giving it a bad 

taftc. 

I . Let the butter be mdlod on the w ater bath, or at a degree Purification of 
of In at not exceeding the (it)^ of Reaumur. 2. Keep it melted 
till ail the cheefy matter is colleded in w liito flakes at the hot- the cheefy part.- 
tom of the veffel, and the melted butter is tranfparonl. 3. At 
tills period decant it, or pats it through a cloth. 4. Let it be 
cooled in a mixli' o of equal parts of pounded ice andfea-falt; 
or if ice cannot be procured, then in cold fpring-w^atcr, making 
ufe of broad diallow’ v^fels. Without this precaution the butter 
would become lumpy by cryflallizing, in which ilate it could 
not be ferved at table. Befides vvhich, the parts being con- 
denfed by this fudden cold, are found to renft the aflion of the 
air mure e^edtually. VV^illi this lad intention it is alfo proper 

to 
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to cover the pot in which the butter is kept very exactly, and 
to place it in a cold expofure, fuch as a cellar. By this treat* 
inent butter may be kept Tor fix months or more, and will be 
nearly as good as frefli butter, particularly after the top is taken 
off. It is even potlible to give this fiifed butter to a certain 
point the appearance of freth butter, by beating it with one 
fixlh part of its weight of the cheefy matter ; and fo likewife 
rancid butter may be coniiderably amended by the procefs of 
fufion and cooling here preferibed. 


SCIENTIFIC NEWS. 


Temperature of the Sea,. 


Gr.nera1 faiflc 
refpefting the 
temperature of 
the fea. 


At great depths 
It IS eternally 
frozen. 


iVJLR, PIRON has lately communicated to the French Na- 
tional IntliUite a memoir on the temperature of the fea ; an in- 
terefling fubjefl, capable of being applied to various ufeful 
purpofes, and which has accordingly engaged the attention of 
a confiderable number cf philofophical obfervers. His ge- 
neral fa6ts are, 1 . The mean temperature of the fea at its fur- 
face is commonly more elevated than that of the air. 2. It is 
higher the nearer to the continents and la^c iilands. 3. At a 
diflance from the (liorc in deep Teas the mter is colder below 
than at its furface; and the more the greater the depth. All 
the obfervations feem to (hew, that in the abyfles of the ocean, 
as well as on the fummits of mountains, even under the equa- 
tor, eternal frofl prevails. 4. A fimilar cold is obferved in 
extenfive lakes, and even within the earth at great depths, but 
it appears to be lefs fudden. 5. Tbefe refulls concur in proving, 
that the temperature within the earth is not every where the 
fame and equal to 93^^, as has been long thought (about 30? 
Fahr. whether this be centigrade or Reaumur^s fcale,) 


Spent Oil qf the CurUkrs, 

Concerning the The procefs by which the curriers impregnate their (kins is 
^undi^*4n ” fmearing the oil upon the wet (kin, into which it pene^ 
gurryingleathcrt Irales as the moifture evaporates. A pure oil could not perhaps 

be 
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be thus fpread, and moft probably would not enter the (kin 
^ with the defired cifcdt, or render it as fupple as that oil which 
from experience they are led to prefer. 

The celebrated Seguin has directed his attention to this in- 
gredient of fuch extenfive manufadloring utility. He remarks, 
that this material (by the name of Degras) is t>f two kinds in 
France ; viz. the common fort and that of Niort. The firft is 
the immediate produ6l of the chamoying of (kins, which are 
cleared of their fiirplus oil by folution of potaQi. It therefore 
contains not only foap, but likewife gelatine. It is evaporated 
to drynefs and then fold as Degras. At Niort it is decompofed 
by fulphuric acid, and the precipitate is called the Degras of 
that town. 

Mr. Seguin finds by analyfis^ that this lall is oxigenated oil, 
whereas the other is a compound of foap and gelatine. He 
fucceeded in giving to whale oil all the properties of the 
Degras of Niort, by boiling one pound for a few minutes with 
half an ounce of nitric acid at 25 degrees. He obferved that 
no gas is difengaged in this operation ; but that water and ni* 
trate of ammonia are formed ; and he concludes that the oil was 
oxigenated, not by abforbing the oxtgen of the acid, but bj 
yielding to it partot the hidrogen which w'as one of itsown com- 
ponent parts. The refult is the more interefling, as the Degrasof 
Niort being much more eHeemed than the common fort, the 
curriers may hereafter, inllcad of paying a great price for it, 
make it in as large quantities as they pleafe by following the 
procefs here indicated. 


Note rejpe^ing the Decompofition of Sulphate of Lead by the 
Muriatic Acid^ By M. Descotils *. 

If the fulphate of lead be treated with muriatic acid rather Sulphate of leal 
concentrated, that metallic fait is totally diflblved, provided Iw 

the proportion of acid be rather in excefs. This folution re- 
quires heat to it. Upon cooling, the muriate of lead Separates by 
cryftallizes in great quantity ; and it is much more fpeedily i8°fo"uWe 
obtained by the addition of a fmall quantity of cold water, water, and may 
If the fi^ernatant fluid be feparaled from the cryflalliaed (alt, b” 

acid. 

• ^ Soc. Philom. No. 9S, 
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Another m- 
ftance in the 
analyiisof antl< 
nonial gakna* 


Account of the 
late eruption of 
Mount Vefu- 

ViUS. 


a precipifate is obtained from the former by muriate of barj^tes* 
The muriate of lead is foluble in water« and may be almoil en- 
tirely decompofed by fulphuric acid, which forms fulphale of ' 
lead. 

This fa£l deferves to be carefully examined with relation to 
the play of affinities; and it may be of importance in the 
analylis of mineral and metallic fubdances. In fa6t, if at! 
alloy contain a Imall quantity of lead, and it were ncceflary, 
in order todilfolve the alloy, to employ the nitro-murialic acid, 
it would be very poffible, and I have found it fo^ that ful- 
phuric acid would not indicate the prefence of lead, Thq 
following is another inftance; If an antimonial galena bo 
treated with nitric acid and lulphate of lead thus formed, this 
lall would be decompofed by the muriatic oil [qu. acid r) which 
might be employed to take up the oxide of antimony, and 
the muriate of lead would remain diilblved after the addition 
of water. If care were not taken to examine the filtered 
liquor, a lofs would be experienced which it would be diilicuU 
to account for. 


Extract of a Letter from Naples^ dated Augujl I!?. 

** Yefterday at ten oVIock .at night, the eruption of Vefu- 
vius, of w'hich the earthquake Teemed to be the forerunner, 
look place. We were going to vifit the crater when the cries 
of the people arid a volume of flame informed us that iIjc 
volcano had opened. The lava precipitated itfelf in three 
feconds from the laft peak of the mountain and took a dircflioii 
towards the valley, fltualed between Torre del Greco and 
Torre del I’Annunziata, two towns on the fea coaft, beyond 
Portici, and feven or eight miles from Naples. 

We fet off immediately to fee this wonderful and tremen- 
dous phenomenon nearer. From the place of our departure, 
we faw the whole courfe of the lava, which extended nearly 
two miles, from the crater to the houfes that join the twp 
towns. The fight was the moft magnificently frightful that 
could be feen. 1 contemplated the cafendes of flame pouring 
from the lop of the mountain, and fliuddered at feeing au 
immenfe torrent of fire ravage the fineft fields, overthrow 
houfes, and deflroy in a few minutes the*hopesand refources 
pf a hundred families. 


A line 
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A line of fire marked the profile of the mountain : a cloud 
, if finoke, which Teemed to fend forth from time to lime flaQie^ Mount Vefu- 
of lightning, hung over the feene, and the moon appeared to viua. 
be pale : Nothing can adequately deferibe the grandeur of the 
fcenci or give an accurate idea of the horror of it. As we 
approached the (pot ravaged by this river of hell, ruined in- 
habitants having quitted their houfes — defolated families trying 
to fdve their furniture and provifions, latt and feeble refource 
— an immenfe croud of curious fpedators, retreating ftep by 
ftep from the advancing lava, and (eftifying by extraordinary 
cries their wonder, fear, and pity — the frightful bellowiilg of 
the mountain, the frequent explofions which burll from the 
bottom of the torrent, the crackling of the trees devoured by 
the (lames, the noife of the walls falling, and the lugubrious 
found of a bell, which the religious of the Catnaldules, ifolated 
on a little hill and furrounded by two torrents of fire, rang in 
their difirefs. Such are the details of the frightful focne to 
which 1 was witnefs. 

The moment we arrived the lava was eroding the great 
road below Torre del Greco. To fee it better we got into a 
beautiful houfe on the road fide — from the terrace we faw the 
fire at no more than fifteen paces from us — in a minute we de- 
Iccndcd, and twenty minutes afterwards there remained of (he 
faoufe but three large walls, 1 approached as near as the heat 
and flow of the current would permit me, I attempted at dif- 
ferent times to burn the end of my handkerchief in it — I could 
only do it by tying it to my cane. The lava does not run in 
liquid waves ; it refembles an iinmenl'e quantity of coals on 
fire, which an invincible ftrength bad heaped up and puflied 
on with violence. When it met with a wall, it collected to the 
height of feven or ten (ect, burnt it, and overthrew it at once. 

I faw fomc walls get red hot, like iron, and melt, if I may ufe 
the expreffion, into the lava. In its greateft fpecd and on 
an horizontal road, 1 reckoned that the torrent travelled at (he 
rate of eighteen inches a minute. Its fmell refembled that of 
iron red hut. 

Morning Chronicle^ 
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applicative Compqfs for taking Bearings on a Cliort, by U. D*^ 
Starck, Efq. qfth( Royal Navy. 

Compafifor This inflrument, feen in Fig. 6, Plate XI. coniifts of an 
ultlng beanngs^ inner and outer brafs concentric circle : the latter of which, 
when in ufe, is to be applied to a chart, fo that its cardinal 
points may agree with thofe of the draft, and its central (me* 
tallic] point be diredly over the fliip*s place. The inner circle 
is to be fet to the variation ; and the thread from the center 
being laid, will fliew either bearings by compafs, or true 
bearings, according to the circle upon which they are read. It 
is obvious alfo, that the inAnim nt may be ufed in delineatinj, 
plotting, and for various oUiwr ufeful purpofes. 
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ARTICLE 1. 

On the Divifion of an Arch of a Circle into ttvo fuck Parts, that, 
their Sines, or Comes, or Verfid-Sines, ^fhall have a ^iven lie-- 
lation. In a IxUer from John Gough, Ifq, 

To Mr. NICHOLSON. 

SIR, 

SeING at prefent on a vifit to my friend Michael Fryer, introduftorf 
teacher of the njuthemancs at this place, I have availed myfelf 
of the opportunity to confult his very extenfive mathema- 
tical library, with a view to difeover how far the following 
theorems and problems are original ; thinking it poflible, at 
ieafl, that fimilar propoii lions might be met with in the works 
of the early geometricians, particularly in the tra^s on An-* 
gular Sedions, by ’ iela, Oughtred, Wallis, and others, which 
I had never before been able to meet wiih ; but I have found 
only one of them to have been already treated, of which no- 
tice (hall be taken in its proper place : ncverthelcfs, it is not 
improbable but that hmilar theorems and problems are fcattered 
up and down in the different works on geometry at prefent in 
exiftence : As this eflay, however, may claim the merit of 
VojL. XII.— -DfiCKM£BR, Q 
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exfiibhiiig theitt In one view, and, which is equally defirabl## . 
of deriving them from a general principle, I have ventured tO; 
offer it for infertion in your Journal 

JOHN GOUGH. 

Reelh, near Richmond, Yorkjhire, 

Augijfi 28. 

Proposition I. Theorem. 

Divifion of an Let A F be the arch of a circle, (See Fig, 1 , PL XII.) A P 

a tangent at A; FP a perpendicular toAP, then A P is 

having thL ’ equal to the fine of AF; FP, the part of the perpendicular 

intercepted by the tangent and the point ¥ in the arch, is 
or V. fines, in a ..r i* n • i 

given ratio. equal to its verted fine ; and the fame line, F M, intercepted 

again by the circle in M, is equal to the verfed fine of its fu|V. 

plement. 

Denionfiration, 

Draw the diameter A K, and the fine F S perpendicular 
thereto ; alfo from the center O, draw O L at right angles to 
PM; then, fince PA touches the circle in A, PA K is a 
right angle, (Euc. J().iij.) Alfo, the angles F PA, ASF, 
are right, by confiru6lion ; therefore A S F P is a parallelo- 
gram, the oppofite fides of which are equal, namely, A P = 
the fine S F, and P F = the verfed fine A S, (Euc. 3 1*, i.) 

Again, fince O L is perpendicular to P M, it is parallel to 
A P and S F, therefore P I- = A O, or OK; and F L = 
SO, (Euc. 31-. I.)— But FL = LM, (Euc. 3. III.) Con- 
fequently P M =: S K, or the verfed fine of the fupplemcnt 
AF. Q. E. D. 

Proposition II. Theorem* 

If AF B be an arch of a circle, (See Fig, 2.) and A P, B R, 
be tangents at A and B, from any point, F, in the circum- 
ference, draw F P, F R, perpendicular to the two tangents, 
and F Q alfo perpendicular to the chord A B, then will the 
redangle PF x FR = F qV ; and tlie redangles AP x 
Q R, and A Q x Q B, will alfo be equal. 

Demonftration, 

Join A F, F B, and the triangles P F A, Q F B, are equi- 
angular, becaufe they are rigbUangled at P and Q, by con- 
ferudipn ; and the angles P A F, Q B F, are 'equal, (Euc. 
SAiii.) 


Jherefore, 
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Therefore, asAF:FB::PFtF Q. DlTifion of an 

>Airo, the triangles QFA, R F B, are equiangular, for the 

w ijjfQ partSf 

fame reafons. haYing their 

Therefore, asAF:FB::FQ:FR. cofiaej, 

Confequenlly, asPF:FQ::FQ:FR, (Euc. 11. V.) JS,* ' 
And PF X F R = F q1*, (Euc. 14. VI.) 

Q. E. 1® D. 

Again, by the fame triangles, asFA:FB::AP :BQ., 
and asFA:FB::AQ;BRj; 
hence, asAP:BQ::AQ:BR, 

Whence APx BR=:BQxAQ; 

Q. E. 2^ D. 


CoroL I • Produce the perpendicular F Q till it meets the 
circumference again in G, and PA x RB = P'Q x QG: 

For PA X RB = AQ X QB by the propofition; but 
AQxQB = FQxQG, (Euc. 35. III.) 

CoroL 2. If the lines P F, R F, meet the circle again in M 
and N, then will PM x R N = Q G^® : 

ForTPl* = F P X PM, and"¥Rl* = F R x R N, (by 
Euc. 36. III.) 

Therefore, asTP^» :FPx PM:;FRx RN :'b^» j 

But a'P',*: FQ X QG ::FQ X QG 
by Corol. 1 . 

And P F : F Q : : F Q : F R, bjMhe propofztion. 

Therefore, 

PF X PM : FQ X PM:: FQ X RN : FR X RN, 

Hence, 

FQxQG:FQxPM::FQxRN:FQxQG. 

Confequently, PM x RN = Q GY> 

Corol. 3. Draw the diameters A K, B D, and make F S, 
F T perpendicular to A K, B D ; then A K x BT (the reft- 
angle of the verfed lines) = h Q]* ; S F x FT (the re6l- 
angle of the fines) = A Q x Q B ; and S K x T D (thq 
redtangle of the fipplemenlary verfed fines) = Thefe 

things fellow from Props. 1. and II. 


Proposition III. Problem. 


To divide a given arch of a circle {A B) into two pails (A F. 
F B), fo that the redangle of their verfed fines (A S, B T) 
may be^equal to a given magnitude, or fquare, (m x mJ* 

Q 2 ConJlruStion* 



tolVlSXOtf OP A. CIRCLE. 




Conftruftiorin 


Wflfionofin From any point, Y, in the right line AB, draw YW at 
right angles to the fame, making it equal to the given right 
Jiftving their * w ; through W, parallel to Y B, draw W F, and let it cut 


fines, orcofmes, the arch A B in F, then 
or V. nnei, in a 
given ratio. 


will A F, F B, be the required arches. 
Demonftration, 


Draw F Q perpendicular to Y B, then F Q* = W Y* = 
M X ; by Confl. and Euc, 3 t. I. ; but the re6langle of the 
verfed fines of A F and F B = F q 1», (by Cor. 3. Prop. 11.) ; 
therefore this rectangle is equal to m x the given fquarc. 

Q. E. D. 

Proposition IV. Problem. 


To divide A F B, a given arch of a circle, (See Fig, 3.) into 
two parts, A F, F B, fo that the reflangle of their fines may 
be equal to a given fquare, (n x rsj ? 


Confiructiou, 

To make the conflru6lion general, let A F B be greater 
than a femicircle, join A B, and in it take Q, making A Q 
X QB = nx n ; alfo in A B produced take fj, fo as to make 
Aq X qB :=:n X n; draw Q F, qfgt perpendicular to A B ; 
then will A F, F B, or A g, g B, or AJ] fB, be the required 
arches. 

Demovfiration, 

This is evident from Cor, 3, Prop, II. and the conflruclion. 

To find the limits, bifcdl A B in Z, draw alfo the radius 
O N parallel to Z B, and make N E perpendicular to A B 
produced ; then, if n x n he greater than A Z x ZB, F is 
an imaginary point, becaufe A Q x Q B cannot exceed A Z 
X Z B, by Euc. 5. 11. Again, if » x » be greater than A E 
X E B, the points /, g, are imaginary, becaufe Aq x q B 
cannot exceed A E x E B, feeing E N touches the circle in 
N, and is parallel to qg: Thefe things being premtfed, it 
will be eafily perceived, that when A F B is Icfs than a femi- 
circle, it can only be divided in one point to anfwer the con- 
ditions of the quefiion, becaufe the pomt N will be in the op- 
pofite fegment; but when it exceeds a femicircle-, it will ad« 
rail of being divided into one, two, or three points, according 
to circumflances, or even the conflruftion may prove impof- 
lible. Q.E.D. 


Scholium 
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Scholium^ 

This problem k confirudled at page 34-2 of the Appendix f o Dlfifion of ta 
Simpfon’s Algebra, 2d Edition; and at page 140 of his deleft 
Exercifes^ ]fl p^dilion ; but the con(lru£tions given by that having their 
able geometrician do not (hew the various limits of the quef- 
tion with that degree of perfpicuity which appears in the pre- given ratio* 
fent method. 

Lemma, 

Let A B C D be a fquare, ( Fig. 4.) from any two ad* 
jacent tides of which, C B, CD, take the fegments T C, 

C S, then will the reftangle of the remaining fegments BT 
X S D = -f-TCxCS-BCxCT-BCxCS. 

Demonjlratioiu 

Draw S G, T H, parallel to B C> C D, and let them inter* 
fo6l in F ; — 

Then the rectangle FTCS=TCxCS, 
and Ihe rcdangic FHAG = BT x SD, 

But F H A G + G B C S + H F S D = the fquare A B C D; 

(Euc. 1. II.) 

Add FTC S to both. 

Then FHAG +GBCS + TCDH = ABC D + FTCS; 

But C D is equal to B C, 

ThereroreFHAG=ABCD + FTCS-BC x CT- 
BC X CS; 

That is, BT x SD.-Br|'+TC xCS-BCxCT- 
B C X C S. Q. E. D. 

Proi»os4Tion V. Problem. 

To divide A F B, a given arch of a circle, (See Fig. 5.) 
into two parts, A F, and F B ; fo that the rectangle of their 
cofines may be equal to a given fquare, k x k T 

Cmjlru^ion, 

Join A B, and from the center, O, draw O Z perpendu 
cular to A B ; in Z O take Z V equal to the given line, k, 
and join B V ; draw the diameter, H h, parallel to A B, and 
divide it in I fo as to make HI x Ih = B V)* ; from I draw 
1 Q perpendicular to A B, and when produced let it meet the 
given arch in F ^ then will A F, F B, be the required arches. 

hemonftration^ 



m. 


pivxiioir 6F A ciacxt; 


Demonftration. 

Pifttoa of an F I meet the circle again in draw the diameterai ‘ 

^of » dtele A K, B D, and the fines F S. F T ; 

Then the cofinc OS = OA-AS. 

thwit orcoitaett and the cofine OT = OB — BT = OA — BT; 

2vM&“*Hence SOx OTs=AO|* + AS x BT- AO x AS- 
AOx BT; 

Bat A S X B T = F O')*, by Prop, II. 

Therefore, 

so xOTssT^’+T^*- AO X AS - AO X BT. 
Again. KS = '2AO-AS. 
and D T = 2 A O - B T ; 

Hence, KS x DT= lAtr\= +AS x BT - 2AO X 
AS-2AOX BT; 

But K S X D T = Q^*, by Cor. 3. Prop. II. 
Theref ore, 

4Xo\*+T 51*- 2AOx as - 2 AOx BTtsl?^*; 

- . -- FO\* 

Henct, AOxAS + AOxBT=: 2 A OV + - — ■ -s 

A 

ButSOxOT = AO* + FQ*-AOxAS-AOxBT 


.FQ* . QG» 


-TS)* 


2 • 2 

FQ = FI-IQ = BP-OZ, 
andGQ = GI + IQ=:BV+OZ; 


Hence + 2^ = B?)« + o2)*; 

Confequently, S O x O T =irv)* +'^* “ J 
But AOl* =*B^* -"oa * =*8^* ; 

Therefore SOx O Trr'BV^* -Tz'* 

(Eflc. 47. 1.) zzkx k, by conflruflion. Q. E. D. 

Limitation , — If Z V be greater than Z O, B V will be 
greater than £ O ; i, c* F G will be greater than H h, which 
is impoffible, £uc* 15.111a therefore ZV, ork, cannot ex- 
ceed Z O. 


Proposition VI. Problem. 

To divide AFB, a given arch of a circle, (See Fig, 6.) 
into two parts, fu tliat the fum of their verfed fines may be 
ei^aal to a given right line, u f 


ConfiruCAon. 
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‘ ‘ Conftru^ion. 

Draw the radius AO, and the tangent BE; in AO takeDi?ffionofaa 
A I equal to the given line, u ; and making I V perpendicular o^’*circla 
to A O, let it meet BE in V ; draw F V to bife6l the angle 
E V I, and let it cut I he given arch in F ; then will A F, F B, ^ 
be the required arches. *“ *' 

Dcmonjlrntion, 


Draw the tangent A G| which is parallel to I V, alfo make 
F P, F R perpendicular to A G| B £, and let P F produced 
meet I V in H. 

Then fincc AG, IV, are parallels, and the angle H P A 
is righti F H V is alfo a right angle, (by £uc. 29. 1.) there- 
fore it is equal to the angle F R V, (by conftrudlion.) 

But the angles R V F, H V F, are alfo equal, (by conflruc- 
tion); confequently the triangles RFV, HFV, are equi- 
angular ; and they have one tide common, namely the fide 
V F ; therefore F R = F H, (Euc. 4. VI.) and P F + F R 

P H z: A I, (Euc. 34. I.) zzu, (by conflrudiion.) 

But the funi of the verfed lines of A F, F B, is equal to 
P F + F R, (by Prop, I.) therefore this fum is equal to the 
given line, u, Q. E. D. 

Limitation ,- — If A 1 be greater than the verfed fine of the 
whole arch A B, the point F will evidently fail in the oppo- 
file fegment, and the cunflrudion will be impofliblc. 

Again, fince the angle I V E is equal to the angle A O B, 
draw the radius O C, to hifed the angle A O B, and it will 
evidently be perpendicular to V F ; therefore L C, a tangent 
at C, will be parallel to V F; confequently if A 1 be fo taken* 
that V may lie in B L produced, the conflru£tion will alfo be 
impollible; which will therefore happen when u is lefs than 
twice the verfed fine of the arch A C, or B C* 

CiiroL Since the fum of the verfed fines of two arches is 
the fame with the difi'ercnce of tiic diameter and the fum of 
the cofines, if the latter fum be given the problem may be 
conflrudted by the lafl propofition. 


Proposition VII, Problem. 

To divide A F B, a given arch of a circle, fFig, 7.) into 
two parts, fo that the fum of their fines may be equal to a 
given right line, w ? 


Conjiru^ioa^ 
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CmJlruQion. ^ , 

Siv!6«i of *n Draw the radii AO, OB, and the tangents AG, BE, in 
"wopirt?! A S, B T, each equal to the half oi'w; draw 

having their S N, T N, parallel to AO, OB; and through their inter- 

linea, or cofiaea, ^ draw N F, parallel to ST, to meet the arch in 

, ^ T. fines, m a „ a u n . . . 

^iveflratio» A r, I* B, are the parts required. 

Demonfiratwn. 

Draw F K, F M, parallel to N S, N T, and let them meet 
S T in K, M, and AG, BE, in P, R ; then it is eafily 

proved that the triangles K F M, S N T, are equal and 
iimilar, and that K M ^ S T ; confequenlly S K zi T M. 

But the angles KPS, M R T, are right, being equal to 
the angles O A G, O B E, by conflru6tion ; and the angles 
K S P, M T R, are equal ; therefore the triangles P S K, 
K T M, are equiangular, they are tuipefore equal, (Euc. 4. 
VI.) becaufc S K zz T M; confequeilSy S P zz R T ; there- 
fore A P + B R zz A S + B T zz w. 

But the fum of the fines of AF, FBzzAP + ^R; 
fum is therefore equal to u’. 

Lmitation . — ^Join A B, which will be parallel to S F, alfo 
let the radius O C bife6t the angle A O B, when properly 
produced, or not, it will pafs through the point N. Now if 
N be in O C produced, N F, being parallel to ST, or A B, 
will not meet (he circle; on the other hand, if N lie be- 
tween O and A B, F will be in the oppofite fegment of the 
circle, confequenlly the confiru6!ion is impofiible, unlefs N 
fall between C and the line A B, or in the verfed fine of 
half the given arch : Thefe things being premifed, it will be 
eafily perceived that the fine of the arch A F B is the lefs 
limit of the problem, and twice the fine of A C its greater 
il'i'iU 
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II. 

Concerning the State in which the true Sap of Trees is depojited 
during Winter. By Thoma4 Andrew Knight, Efq*. 

It is well known that the fluid, generally calletl the lap in The commonr 

trees, afcends in the Tpring and fiimmer from their fpring^and fum» 

and that in the autumn and winter it is not, in any confldei-mer, but notia 

able quantity, found in them ; and I have obferved in a former 

paper, that this fluid rifes wholly through the alburnum, or 

fap-wood. But Du Hamel and fubfcquent nataralids have 

proved, that trees contain another kind of fap, which they 

have called the true, or peculiar juice, or fap of the plant. True or peculiar 

Whence this fluid originates does not appear to have been 

agreed by nalurallfts ; but I have offered tome fa^Is to prove 

that it is generated by the leaf f ; and that it differs from the 

common aqueous fap owing to changes it has undergone in its 

circulation through that organ ; and I have contended that from 

this fluid (which Du Hamel has called ihi: fuc propre, and 

which I will call the true fap,) the whole fubflance, which is 

annually added to the tree, is derived. I fliall endeavour in exifts In the 

the prefent paper to prove that this fluid, in an bifpiflatcd 

Bate, or fome concrete matter depoliled by it, exifls during Its fubfequent 

the winter in the alburnum, and that from this fluid, or fhb- 

. . . pointed out* 

fiance, diflblved in the atcending aqueous fap, is derived the 

matter which enters into the coropufitioii of the new leaves in 

the fpring, and thus furniflies tbofe organs, which were not 

wanted during the winter, but which are effential to the 

further progrefs of vegetation. 

Few perfons at all converfant with timber are ignorant, that winter or 

the alburnum, or lap-wood of trees, which are felled in the autumn felled 
autumn or winter, is much fuperior in quality to that of other ]|ibu”nuiiVmore 
trees of the fame fpecics, which are iuffered to fland till the firm, &c. 
fpring, or fumme; : it is at once more firm and tenacious in 
its texture, and more durable. This fupeiiority in winter- commonly at- 
felled wood has been generally attributed to the abfence of the abKnw^of the 
lap at that feafon ; but the appearance and qualities ef the % : 

* See Phil. Tranf. of I SOI, page 336. 
f Philof. Trani'. p. 88. 

woo4 
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wood feem more juftly to warrant the conclufion^ that foijifi: 
•-but probably fubftunce has been added to, inflead of taken from it, and 
to Its pre eoce. circuraftances induced roc to fufpect Inat this fubftance 

is generated, and depotlled within it, in the preceding fumuier 
and autumn. 

Full groom ^ Du Hamel has remarked, and is evidently puzzled with the 
ffSidly, perfpire more in the month of Augud, 
when the leaves are full grown, and when the annual Ihoots 
have ceafed to elongate, than at any earlier period; and we 
cannot fuppoie the powers of vegetation to be thus adlively 
employed, but in the execution of forne very important opera- 
— a^d atthis tion. Bulbous and tuberous roots are almod wholly genern:ed 

tettt?vt''^wer» leaves and Hems of the plants, to which they belong, 

appear to be cm- have attained their full growth ; and I have connantiy found. 


creiifing"thc" pradtice as a farmer, that the prodtice of my meadows has 

growth of the been immenfely increafed when the herliage of the preceding 
vegcuble, j^^d remained to perform its proper ollice till the end of 

the autumn, on ground whirh had been inowedt early in the 
fummer, Whemre I have been led to imagine, that the leaves, 
both of trees and herbaceous plants, are alike employed, during 
the latter part of the fummer, in the preparation of matter 
calculated to afl'ord food to the expanding buds and bloffoms 
of the fucceeding fpring, and to enter into the compolition of 
new organs of atlimiiation. 

If this be the IHhe preceding hypolhefis be w'cll founded, we may expcdl 
^*forjd*that change will gradually take place in the 

the aqueous Tap qualities of the aqueous fap of trees during its afeent in the 

muft be altered fpring; and that any given portion of winter-felled wood will 

initsafccntj ' , . i r r r 

and the winter potleis a greater degree of Ipccilic gravity, 

felled wood will and yield a larger quantity of exlradivc matter, than the fame 

quantity of wood which has been felled in the fpring or in the 

early part of the fummer. To afeertain thefe points 1 made 

the experiments, an account of which 1 have now the honour 

to lay before you. 

ZiperimentB, As early in the laft fpring as (he fap had rifen in the fyea- 

more and birch, I made incifions into the trunks of thofe 
snore in ipring ' • i • i- 

gave fap nioft trees, fome clofe to (he ground, and others at the elevation o( 

aqueous near^ the feet, and I readily obtained from each inciiionas much 
^enfcr and more fap ^s I wanted. Afcertaining the fpecific gravity of the fap 
Saccharine the of each tree, obtained at the differ^t elevations, I found Chat 
igher up, fycamore with very little variation, in dif* 

ferent 


If this be the 
caie. It thould 
be fuUiid that 


ZiperimentB, 
Birch and fyca< 
snore in fpring 
gave fap moft 
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'i^ent trses, to be 1 .OO^ when extiadled clofe to the ground^ 
ancT 1.008 at the height of feven feet. The Tap of the birch 
was fomewhat lighter; but the increafe of its fpecific gravity, 
at greater elevation, was comparatively the fame. When ex- 
traded near the ground the fap of both kinds was almoit free 
from lade; but when obtained at a greater height, it was 
fenfibly fweet. The (hortnefs of the trunks of the fyeamore 
trees, which were the fubjeds of my experiments, did not 
permit me to extrad the Tap at a greater elevation than feven 
feet, except in one inttance, and in that, at twelve feet from 
the ground, I obtained a very fweet fluid, whofe fpecific gra- 
vity was 1,012. 

I conceived it probable, that if the fap in the preceding cafes The fap firft 
derived any conficlerable portion of its increafed fpecific g*"®- 
vity from matter prcvioufl^ exifting in the alburnum, I fliou Id thews that its 
tind fomc diminution of its weight, when it had continued to 
flow fome days from lliefame incifion, bccaufe the alburnum in matter "in tlic 
the vicinity of that incilion would, under fuch cireumflances,a*l>“r*i“»* 
have become in tome degree exhaufled : and on comparing 
the fpecific gravity of the fap which had flowed from a recent 
and an old incifion, 1 found that from the old to be reduced to 
1.002, and that from the recent one to remain l.OOf, as in the 
preceding cafes, the inciflon being made c lofe to the ground. 

Wherever extracted, whether clofe to the ground, or at fome 
diflance from it, the lap always appeared to contain a large 
portion of air. 

In' the experiments to difeover the variation in the fpecific It is difficult ta 

gravity of the alburnum of trees at ditferent feafons, ^ome 

obflacles to the attainment of any very accurate refults pre- denfity or fp. 

fented themfelves. The wood of different trees of the fame gravity of the 
y . . ■ r r -1 i i r aiDumiim. 

■pecies, and growing in the fame foil, or that taken from 

difflsrent parts of the fame tree, poflefles different degrees of 
folidity ; and the weight of every part of the alburnum ap- 
pears to increafe.with its age, the external layers being the 
lighteff. The folidity of wood varies alfo with the greater or 
iefs rapidity of its growth. Thefe fources of error might ap- 
parenlly have been avoided by cutting off, at different feafons, 
portions of the fame.Jrunk or branch: but the wound thus 
made might, in fome degree, have impeded the due progrefs 
of the fap in its afeent, and the part below might have been 
made heavier by the iiagnation of the fap, and that above 

lighter 
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By ftllin^g poks privation of its proper quantity of nutriment. . Tj,» q 

jjjan oak coppice eligible method tliereforc, which occurred to me, was (o 

in winter and felcft and mark in the winter fome of the poles of an oak 
ipring and com- . in /• « i i r i 

paring them. coppice, where all are of equal age, and where many, ot the 

fame (ize and growing with equal vigour, fpring from the 
fame (look One half of the poles which I marked and num- 
bered were cut on the Sift of December, 1803, and the 
remainder on the 15th of the following May, when the leaves 
were nearly half grown. Proper marks were puttodiftinguifh 
the winlCT'lelled from the fummer-felled poles, the bark being 
left on all, and all being placed in the fame lituation to dry. 
The winter In the beginning of Augiill 1 cut off nearly equal portions 

dcnfeftTftcr'^*^ ® winter and tummer-ltdied pole, which had both grown 
feafoning, on the fame flool; and both poitions were then put in a 
fituation, where, during the ( ven ficcceding weeks, they 
were kept ver} warm by a fire. The fu in mer- felled wood was, 
when put to dry, the mod licavy ; but it evidently contained 
much more water (ban the other, and, partly at leaft, from 
this caufe, it contrafted much more in drying. In the begin- 
ning of October bo(h kinds appealed to be perfectly dry, and 
1 then arcerlained the fpecilic gravity of the winter-felled 
wood to be 0.679, and that of the rummer-fclIcd wood to be 
0.609 ; after each had been immerfed five minutes in water, 

— hy more than This (liiTerencc of ten ptr cent, w'as confiderably more than 
xcnpercciiL. j ar.licipated, and it was not (ill I had fufpended and taken 
ofl' from (he balance each portion, at leaf! ten times, that 1 
ceafed to believe that fome error liad occurred in the experi- 
ment; and indeed 1 was not at lad faii^fied till 1 had afeertained 
by means of compafTcs adapted to the meafurement of folids, 
that the winler-fcllcd pieces of wood were much IcTs than the 
others which (hey equalled in weight. 

The difference The pieces of wood, w'liich had been the fubjeds of thefo 
muchTn^thc^ experiments, were again put to dry, with other pieces of the 
newly formed fame poles, and I yellerday afeertained the fpccitic gravity of 
layers of each, fcarcely any variation in the refult. But when I 

omitted the medulla, and parts adjacent to it, and ufed the 
layers of wood which had been more recently formed, 1 found 
the fpecific gravity of the winter-felled wood to be only 0.583, 
and that of the fummer-felled to be 0.533 ; and trying the 
fame experiment with (imilar pieces of wood, but taken from 
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poles which had grown on a different ftool, the fpccific gravity 
oNthe winler-fclled wood was 0,6S8, and that of the fumnier- 
foiled 0.534. 

It is evident tliat the whole of the preceding difference in The winter 
the fpecific gravity of the w'inter and fummer-felled wood 
might have arifen from a greater degree of conlradlion in the non of excradt* 
former kind, whilft drying; 1 therefore proceeded to afcerlain 
whether any given portion of it, by weight, w'ould afford a 
greater quantity of extractive matter, when lleepcd in water. 

Having therefore reduced to fmall fragment.s 1000 grains of 
each kind, I poured on each portion fix ounces of boiling 
water; and at the end of twenty-four hours, when the tem- 
perature of the water had funk to found that the winter- 

felled wood had communicated a much deeper colour to the 
water in which it had been infufed, and Iiad raifed its fpecific 
gravity to 1,002. The fpecific gravity of tlie water in which 
the fummer-felled wood had, in the fame njanner, been infufed 
was 1.001. The wood in all the preceding cafes was taken 
from the upper parts of the poles, about eight feet from the 
ground. 

Having obferved, in the preceding experiments, that the Tap Prub.»bility that 

of the fycamore became fpeci (leal I y lighter when it had con- 

. r * 1 • r •/• -. more or 

tinued to flow during feveral days from the fame incifion, 1 ids by the leaves 

concluded that the alburnum in the vicinity of fuch incifion had thoots. 
been deprived of a larger portion of its concrete or infpiffated 
lap than in other parts of tlie fame tree: and I therefore fuf- 
pefted that I fliould find fimilar effe^s to have been produced 
by the young annual (hoots and leaves; and that any given 
weight of the alburnum in their vicinity w'oulil be found to con- 
tain lefs extractive matter llum an equal portion taken from 
the lower pails of the fame pole, where no annual (hoots or 
leaves had been produced. 

No information could in this cafe be derived from the dif- Expedment 
ference in the fpecific gravity of the wood; becaufe the ceiuiii*^ 

fiance of every tret is mofi denfe and folid in the lowci parts portion of cx- 
of its trunk ; and I could on this account ]iulgc on!\ from tlie^^®'^.‘” 

, . , , . *r , trunk. 

quantity of extractive matter which equal portions of the two 
kinds of wood would afford. Having therefore i educed to 
pieces fevcral equal portions of wood i:ikon from different 
parts of the fame poles, which had been felled in May, I poured 
on each portion an equal quantity of boiling water, whidi I 

' ithff'ered 
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The matter In 
the alburnum 
may remain In- 
adive for fcveral 
years* 


fuflTered to remain twenty hours, as in the preceding expert* 
ments : and I then found that in fome inflances the wood 
the lower, and in the others that from the upper parts of the 
poles, had given to the water the deepefl colour and greateft de- 
gree of fpecific gravity ; but that all had afforded much extrac- 
tive matter, though in every inftance the quantity yielded was 
much lefs than 1 had, in all cafes, found in limilar infufions of 
winter-felled wood. 

Hence many It appears, therefore, that the refervolr of matter depofited 
ceffionoiHcavcs' alburnum is not wholly exhaufled in the fiiccecding 

and buds. . fpring^ apd hence we are able to account for the feveral fuc- 
cedions of leaves and buds which trees are capable^f producing 
when thofe previoufly protruded have been deftroyed by 
infefts, or other caufes ; and for the extremely luxuriant flioots, 
which often fpring from the trunks of frees, whofe branches 
have been long in a (late of decay, 

I have alfo fome reafons to believe that the matter depofited 
in the alburnum remains unemployed in fome cafes during 
feveral fuccetfivc years: it does not appear probable that it 
can be all employed by frees wliich, alter having been tranf- 
planled, produce very few leaves, or by thofe which produce 
neither blotfonis nor fruit. In making experiments in 1802, 
to afeertain the manner in whii h the buds of trees arc repro- 
duced, I cut off in the winter all the branches of a very large 
old pear tree, at a fmall difiance from the trunk ; and I pared 
off, at the fame time, the whole of tiie lifelefs external bark, 
inff iisee : in an The age of this tree, I have good rcafon to believe, fomewhat 
old pear tree, exceeded two centuries: its extremities were generally dead; 

and it afforded few leaves, and no fruit ; and 1 had long ex- 
jpe^ed every fuccclhve year to terminate its exigence. After 
being deprived of its external bark, and of all its buds, no 
^arks of vegetation appeared in the fucceeding fpring, or 
early part of the lumnier; but in the beginning of July nu- 
merous buds penetrated through the bark in every part, many 
leaves of large ilze every where appeared, and in the autumn 
every part was covered with very vigorous ihoots, exceeding, 
in the aggregate, two feet in length. The number of leaves 
which, in this cafe, fprang at once from the trunk and 
branches appeared to me greatly to exceed the whole of thofe^ 
which the tree had born ia the three preceding feafons ; and 1 

5 cannot 
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catinot believe that the matter which compofed ihefe bods and 
could have been wholly prepared by the feeble vegeta* 

^tion and fcanty foliage of the preceding year. 

But whether the fubfianc^ which is found in the albarnum it is ftrongTy 
of winter-felled trees, and which difappears in part in 
fpring and early part of the fummer, be generated in one or p^fes the leaf, 
in feveral preceding years, there feem to be flrong grounds 
of probability, that this fubdancc enters into tlie compofition 
of the leaf : for we have abundant reafbn to believe that this 
organ i*; the principal agent of aflimilation ; and fcarcely any 
thing can be more contrary to every concliifion we (houlJ 
draw from analogical realbning and comparifon of the vegetable 
with the animal economy, or in itfclf more improbable, than 
that the leaf, or any other organ, fliould fingly prepare and 
afliroilalc immediately from the crude aqueous fap, that matter 
which compofes itfelf. 

It has been contended * that the buds themfelves contain It is not Illcely 
the nulriment nccetrary for the minute unfolding leaves; 
trees poflels a power to reproduce their buds, and the matter crude fap. 
iiecoOkry to form (liefe buds mu ft evidently be derived from 
fome other fource: nor does it appear probable that the young 
leaves very foon enter on this office : for (he experiments of 
lugenhouz prove that their aflion on the air which furrounds 
them is very efienlially ditferent from that of full grown 
leaves. It is true that buds in many inftances will vegetate, 
and produce trees, when a very fmall portion only of albur- 
num remains attached to them ; but the firft qfforls of vege- 
tation in luch buds are much more feeble than in others to 
which a larger quantity of alburnum is attaclicd, and therefore 
we have, ii\ this cafe, no grounds to fuppofe that the leaves 
derive their firft nutriment from the crude fap. 

It is alfo generally admitted, from the experiments 
Bonnet and Du llamel, which I have repeated with 

refult, that in the cotyledons of the feed is depoiiie<l a quantity but from mitter 

of nutriment for LiC biiil, which every feed contains; ^nd 

though no vcflels can be traced + which lead immediately 

from the cotyledons to the bud or plumula, it is not difficult to 

point out a more circuitous patfage, w’hich is perfectly fimilar 

to that through which I conceive the fap to be carried from the 

• Thomfon’s Chcraiftry. t Hedwig. 

leaves 
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leaves to (lie buds, in (be fubfequent growth of the tree; and 
I am ill poflfenion of many fafis to prove that feedling fraes/'T. 
in the firfl ftage of their exiftence, depend entirely on the 
nutriment afforded by the coiyiedon.s; and that they are 
greatly injured, and in many inflances killed^ by being put to 
vegetate in rich mould* 

CTo be concluded in the Supplement,) 


IIL 

On the DeUqiu'jeencc ay\d Fffiorcjcnce of Salts^ C . L, C a d et.* 

Deliqucfcence AlLL chemifts are of the fame opinion relative to the caufe 
c^*oncd”b^ deliqucfcence or the cfflorefcence of a fait* Theat- 

the relative at- ^ <>f the fait for (he water contained in the atmofphcre 

tn&iom of the occafions the firfl phenomenon, the attraflion of the atmofi- 
cllt for water, phcric air for the water of cr)ftaIlization of the fait caufes the 
fecond. 

The difference This attra^lion has been found to vary in the different falts, 
be^cen one^falt whether deliquefcent or cfllorcfcent, to be ftronger in fome 
been noticed, kinds, and more fpcedy in others; but no one has yet obferved 
but not the va- whether it had any dependence on the conftilution of the at- 
Satc^of thc*air!!^ ele6lric (late of the air, the quantity of caloric 

&c, if contained, if it w'as always the fame in any one fait, and if 

it regularly became weaker in proportion as fatiiration ap- 
proached, neither have any tables been yet prepared, which 
might indicate the degree of deliquefcence, or of cfflorefcence 
of the different falls. 

Of the hypothefes which could be made on thefe pheno* 
mena, the following feemed mod probable. 

Hypothefes that The falls which deprived the air of its humidity ought to 
a£l in this refpe6t in proportion to the quantity of water which 
water in proper- the air held in folution or in fufpenfion. The greater the hu- 
Clon as the hy- midity of (he air, the more (liould the deliquefcent falts aug-* 
ca^^ks'prei! ment in weight, fo that the degree of their weight fliould be 
tenQt* conformable to the progrefs of the hygrometer. 

Barometrical On the other hand atmofpheric preffure, which more or lefs 
changes and ©ppofes evaporation, ought to have an influence on the fatura- 

* Journal de Phyfiqafi LX* 
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tIoQ of the falls, /ince it caufes thedenfity of the air to vary; 
cenf^qaently there Hiould be an agreement between the viari- 
^^lons of Ihe barometer and the deliquefcence of falls. 

The variations of temperatures, by dilating, or by conden- .^hermoinetri- 
fing the mafs of the atmofphere, (liould alfo occafion changes 
in the proportion of water abforbed by the falls, on which ao eJce. ** 
count it would be ufeful to obferve the thermometer. 

1 thought moreover that one fait had not only more or lefs Deliquefcent 
attraction for the water contained in the air than another, 
that this attraction varied likewife in the fame fait in proportion leaft (aturated. 
as it had loft or abforbed water. I hoped by thus comparing 
the deliquefcence and efflorefcence of falls with the (late of 
the different meteorological indniments, to obtain refults fufh- 
ciently conflant to eftablifh a theory of deliquefcence or ef- 
^orefcence. I hoped alfo to be able to ufe the (alts themfelves 
as indruments of meteorological obfervation ; but experience Experience did 
proved that reafoning apparently founded on the trueft theory 
frequently deceives expectation. It is neverthelefs necelTary 
to attend to negative faCls, which fometimes areas ferviceable 
to fcience as thofe of a poiitive nature. 

I did not find a (ingle fait which Teemed to have the lead None of the faits 
conformity with the (late of the barometer, hygrometer, or 
therraonietcr. On the fame day many falls increafed confidcr- conformity to 
ably in weight, while others indicated a How progrefs. Some 
had but a fmall attraClion, when the hygrometer (hewed a 
great degree of humidity, and were mod deliquefcent when 
Ihe air feemed mod dry. Atmofphenc preflu re never had the 
lead agreement with the Increafe of weight of a fait, and the 
thermometer haying varied but half a degree during the courle 
of the experiments, does not furnifli any obfervation on the 
influence of temperature. It is therefore impotlible to explain 
by the meteorological changes any of the variations which I 
obferved in the deliquefcence, or the ciHorefcence of falls. 

Jifflorcfcent Salts. 

I weighed exaClly 288 grains of fulphate of foda, of phof- Cxpetimenrs. 
phate of foda, and of carbonate of foda, which three falls are ain^Mphate, 
conddered as the mod elHorefcent, and placed them in a dry phofphace ana 
and airy (ituation, after having carefully dried the capdtles 
which contained them. I put alfo iu the fame place an hygro- 
meter, a barometer, and a thermometer : the^lliree falls (hewed 
the following refalls. 

VoL. XII.^Dec£MBE&i 1805. R 
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hUt t^efllorefoe* Loft* 


loft of weight Sulphate of foda - days - 205 grains of w|ter,. 
laeachbyefflo- Phofpbate of foda - 39 - - 91 

’*®*"“* C*rbon*4«ftf fod* - 51 - - 86 

It ftiould Teem from this table (hat thefe three falts ought to 
be ckflbd in (he preceding order ; but it mud be obferved that 
falts contain more or leGi water> in proportion as they cryflal- 
Coi^deracloas ize flowly or rapidly* The number of days which were em- 

cfflorcfcence of thefe fahs (hould vary, both in 
ao ufeful refult proportion to the water they contained, and to the extent o( 
in deliquefcciit ftirf^ce which they expofed to the action of the furrounding 
air; and therefore the time of their efHorefcence can give no 
appreciation of the force of their attradlion for water. Tiiis 
rededlion prevented my making experiments on any more ef- 
dorefeent falts. 


DeliqueJeerU Salts, 

I look 288 grains of each of the falts in the following table, 
(which are very fenfibly deliquefcent, iince they all abforbed 
more than half their weight of water], and placed each of 
them in a dried capfule, along with the before-mentioned me- 
teorological indruments, in a damp dtuation, and after 150 
days of obfervations noted what is included in the table. 


A Tabic qf DeUqueJbent Salts, in ike Order of their AttradUon, 
eftintaied by the ^Itcmtity qf Water abforbed. 


Table of the 
ancreafe of 
weight in each of 
>9 different fpe* 
ciei, and the 
dmei refpedt- 
ively* 



Days employed in 
titcii Tatu ration. 

Water abforbed* 

Acetiteof potaih 

. 146 • 

700 grains* 

Muriate of lime 

- - 124 

684 

Muriate of manganefe 

. 105 

629 

Nitrate of manganefe 

* - 89 

527 

Nitrate of zinc 

- 124 

495 

Nitrate of lime 

. 147 

448 

Muriate of magnefia 

. 139 

441 

Nitrate of copper 

. 128 

397 

Muriate of antimony 

. 124 

3SS 

Muriate of alumine 

- 149 

342 

Nitrate of alumine 

. 147 

300 

Muriate of zinc 

. 76* - 

294 

Nitrate of foda 

• - 137 - 

257 

Nitrate of magnefia 

. 73 

207 


Aoetite 
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Days employed in 
their faturation. 

Water abforbedi 

}(cet*(e alumine 

. 104. 

202 

^cid fulphale of alumine - 

- 121 

202 

Muriate of bifmuth 

- 114 

174 

Acid phofphate of lime 

. 93 

155 

Muriate of copper 

-119 

14$ 


In examining this (able it may be remarked that the dura« The times of iU. 
lion of the abforption is not in any proportion to the quantity : 

The muriate of alumine, for example, took H>9days toabforb to the quantities* 

3V2 grains of water, while the nitrate of manganefe took but 

fi9 days to abforb .b27 grains. That the force of attrafiion 

may be edimated from the rapidity with which the bodies unite 

mud not be concluded from this ; for the fame table tliews that 

nitrate of magnefia faturated itfelf in 73 days, and only ab- 

forbed 207 grains of water, a much Ief< quantity than that taken 

up by the nitrate of manganefe. Although the greater or lefs Though the rt- 

facility with which deliquefcent falls faturate (hemfelves with noUnI 

water cannot be accounted fur, (iince a fait half faturated, or dicate the pro- 

half deprived of water, is no longer the fame body, and con- 

fequently exercifes other attradlions than what the fame fait ufefuU 

does In its ordinary date, or in a different date of faturation,) 

the rapidity of their faturation is not however an indifferent 

matter. In the experiments w'hich have been made on pro* 

ducing artificial cold by muriate of lime, it has been remarked 

that the cold was greater in proportion as the ice was melted* 

but it is probable that the muriate, and above all the nitrate 

manganefe, which becomes liquid much quicker, would pro- 

duce with ice a more intenfe cold, and that certain liquors ^ucc inteufe 

which have hitherto redded coagulation, would be foiidided 

by thefe two falls, which experiment is highly deferving of a 

trial. 

In order to examine whether deliquefcence depends on the It does not ifH 
proportion of the bafe, or of the acid which conditutes the 
falts, I compared with each other the different analyfes of falts pends on 
publifhed by Bergrhan, Klaprpth, Fourcroy, and Vauquelio, of 

and I faw that no indu^ion could be from their compofition ; p^tT***^* * 

for there are fome falts which have the bafe in a very confider- 
able proportion, and which are lefs deliquefcent than thofe 
whofe bafe is lefs ; and many others in which the acidhis in a 
fiuall proportion, are more deliquefcent than t^pfe, in which 
this pHm^iple is predominant. The nature of the adds and of 
R2 'the 
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— «or onthepe-thejbafes thcnofelves do not throw more light on the phcno- 
theln^e^^wtt^ mena of deliquefcence than their proportions; for jhero-are 
deliquefqent falts, the component parts of which taken fep?. 
rately, have not any remarkable attraction for water, fuch is 
the nitrate of alumine; while on the other hand the fulphate 
of foda is efflorefeent, although concentrated fulphuric acid, 
and .cauftic foda each feparately attraCt humidity. Nothing 
better proves this axiom in chemillry, — Compounds have pro^ 
perties peculiar to tkemfelves, and differing from thofe of their 
component parts. 

In general deliquefcent falts qncreafe their weight in a di- 
minilhing proportion, according as they approach faturation; 
thus the acetate of potaOi, which in the firft twenty days cx- 
fationwasleaft. hibited the following progreffion: 2L S t. 44*. 54. 60. 70. 85. 

100. 110. 120. 128. IS8. 142. J4S. 160. 169. 177. 186. 192. 
198. did not (liew on the lad twenty days more than this, 617. 
650. 655. 660. 663. 666. 669. 671. 676. 682. 68 1. 686. 6S8. 
690. 692. 694. 696. 698. 699. 670. The falts which were but 
little deliquefcent prefented a lingular phenomenon, which 
none, 1 believe, has obferved before. 

The acid fulphate of alumine, and the acid phofphate of 
lime, increafed and diroiiiilhcd fuccelHvely in weight. 

The muriate of copper dimini Qied during 45 days before it 
water and^^ter-[)Qg3„ encreafe. Thefe ofciilat ions and retrograde move- 
more and en- nicnts take place but once, and when the fait has abfurbed a 
certain quantity of water, there is a progrellive increafe, al- 
though flowiy, until its perfeCl faturation, which may depend 
on the attraction of water for water, an attraction which is not 
perceptible but in certain proportions. 

Thefe anomalies deferve to be obferved again, and com- 
pared with experiments made on other falts which do not ex- 
hibit them. They tend to make us acquainted with all the 
caufes that produce efHorefcence and deliquefcence, fince they 
prefent each phenomenon fuccellively. The falts which we 
fubmitted to their a6lion, had certainly an attradtion for water 
very little different from that of air in a medium iiate of heat 
and humidity. The point of equilibrium mull be decided by 
the ilate of the atmofphere, or the (alts would remain un- 
altered. 

Thefe will piv- 1 flill hi<wever think that a relation exifl^be^ween the me- 
babiy ihew that teorological variations and the alterations of tlie falls; and if I 

meteoric vana- 
tioDS in the air 


Remarkable 
fads; falts 
which lofe part 
of the abforbed 


creafe till fatu- 
ration. 


Expediency of 
further experi* 
ments. 
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WAS not able to difcover it, without doubt this was caufed by do Influence th 
•the fbali^ortions of falts which I expofed to the action of the 
^mofphere. Some chemifl more fortunate will determine it, 
by operating on large malfes, comparing experiments made in 
many different fcafons, and keeping a regifter of the eledlrical 
ffate of the atmofphere, of the water of cryffallization which 
the falts contain, of their diviffon, and of the furface which 
they prefent to the air. 

In a labour which would require more than 3000 experi- Exteufive re- 
ments, the new fads which I have obferved are too few, 
and perhaps too little important to engage any one to under- 
take fucli prolonged and minute experiments; but I have 
given a table of deliquefeent falts arranged according to their 
atlradion for water, and I dare hope, that the refults of it 
will not be altogether ufelefs. 


IV. 


Account of the fimple and cafy Means by which tJte Harbour of 
Bye was rrjlorcd, and made navigable for Ships of confiderablc 
Burthen, By the Rev. Daniel Pape*. 

Meiuorial of Bye Harbour, 

Rye Harbour, once fo very fafe and convenient for paffing Decayed ftateof 

vcifels up or down the channel, to run to in diftrels or in '^**®“*’* 

carious weather, had been for many years, and from various 

caufes, in a gradual ffate of decay, infoftiuch that in the 

years (I believe] 1795 and 1795, it was thought neceffary to 

fend Captain — — , from the Trinity-Houfe, to make a 

furvey, and report to the Board its then ffate, and the pro- Survey and 

bability of its improvement or redemption. The furvey wasr^P®*’^> 

made, 1 believe, with conffderable care and attention ; and 

the refult was, that the harbour was pronounced luff, or in that the Harbour 

(iich an irreparable- decayed ffate, that it was an ufelefs^^* *"****”^*** 

expenfe to the fliips paffing, which paid tonnage to it ; and 

therefore this tonnage was taken from Rye, and given to 

Ramfgate Harbour, leaving however a referve in the hands of 

tile commiffioners of 6000/, 

♦ From his communication to the Society of Arts, who voted 
him the ^old medal* See their Tranfa^ions, Vul. XXII. 


The 
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l^fertitemetit 
far plifif of im- 
provemeQt. 


The author's 
plan to make a 
diredl cut, and 
daiYLiip the old 
mouth. 


The author 
undertook it at 
Ilia own r\(<i\xe, 


and completed 
it. 

Farther fecurlty 
by a pier head 
and jutties. 


It proves to be 
papfedily diir4- 


and admit ihips 
of five times the 
ponnage before 
admitted. 


The eofrfeqaence of (his was an advertifement, , ttipiling 
any gentieman to come forward with plans for the/^pTovfi-i 
meat of the harbour, and the draining of the upper leveb;" 
On the day appointed for the prefentation of fuch plans, a 
very (enfible letter was laid before the Com no ifli oners by the 
Rev. Mr. Jackfon, of Rye, though impra^icable on many 
accountSs^and alfo a plan by myfelf, propoiing to make the 
prefcnt cut, and to form a dam of draw or hay and faggots, 
as reprefented on the chart, for the fmall fuin of 500U On 
reverting to the enormous fums that had been already, from 
time to time, expended by able engineers to no purpofe, it 
was judged at the moment an impoflible attempt ; and, after 
pc^itely voting me their thanks, the CommiiTioners Teemed to 
decline carrying their plan into execution. — ^This, however, 
did not fatisly me; and therefore, confident of fuccefs, I 
undertook to perform what I had propofed, or lofe the money, 
without (lipulating for any fee or reward (hould 1 fucceed. On 
entering upon this agreenufni, I fet to work, and cliooiing a 
Mr. Southerdeoi an adlive and perlevering man, as foreman, 
to aflifl me, I completed the work in three months, in the 
very depth of winter, at the expenfe of only 480/. though the 
works were twice filled up with fea-beach by the tides. 
But| though this was done to the afionifbment and admiration 
of many, yet there were evidently an envious few mortified 
and difappoinled. The cat and dam being thus finilhed. It 
was then thought necefiary, on my recommendation, to fecure 
the cot from reverting to its late reduced (late, by a pier-head 
on the ead, and jutties on the weft fide of it; the execution 
of which was committed to the eminent (kill of a Mr, Suther- 
land, who performed the truft repoied in him, to the univerfal 
fatisfa6lion of his employers ; and I believe the whole was 
completed for fomelhing lefs than 3000/, in a very mafterly 
and workman-like manner. Of this 1 think tliere cannot be 
a better proof adducedi than that it ftill ftands j£rm, without 
the lea ft apparent decay, and maintains its firft poiition 
without the fmalleft variation : and no doubt a very trifling 
annual expenfe will keep it in its prefent improved 'ftate. 

The advantages derived from it are particularly great ; for 
(liips of 250 tons burden, and even vetfels of' 300 tons, run 
in with the greateft fafiety at fpriug tides : whereas, before, 
thofe of 50 tons co(|ld not pome iHi ba$ with the uitaoR d/fi* 
^culty and danger. 

That 
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That part of Rodney MaHh too, wliich lies contigooufiy other idvui- 
ami was threatened by every boifterous tide with a total over- 
^ it now in I'afetyj and the drainage of the levels is 

rendered complete. 

J beg Ic^ve now to ofier to your attention a Ihort deicrip- Very ody and 
(ion of the Dana, the term and materials of which may be method of con* 

■ ufed with fuccei's in fimilar iltuations, whether in places ftruaing the 
adjacent to the Tea, or in gentlemen^s h(h*pondS| or rivers 
the country, where weirs may bejneceflary for the preiervatioti a double roof or 
of the banks. The dam w as merely formed of bay, ftraw, covering of hay. 
and faggots, pinned down to a Joundalim of fund or Jilt by 
tliort piles. 1 formed it as in the chart, of the (Impc of a lounaation of 
double-roofed houfe, firfi putting down draw, and then over 
a hazel faggots, from 12 to 1 1 feet in length, and afterwards 
pinning down tlie whole with piles. 1 next filled the fpaCe The intcrilice 
between the two roofs with gravel or fea^beach, and fecured 
ihis aifo with faggots pinned down upon it, over which re- covered ivith 
fiftance being pieclucled from its peculiar form, the influx feevred 
aud reflux ol the tides glided fo gently, that confequently 
every probability, not to fay poflibility, was annihilated of its 
being ever undermined or blown up. 

It was alfo neceflary that this dam fliould be put dowm in Difficulty that 
one tide, and that llie moulh of the cut fliould be opened in . 

(he fame time; for it was evident to me, that it was impouible and the new one 
ever to cut to fea in any other w^ay. For uiilcfs the dam had opened in one 
bepn ready to turn the water through the cut asfoon asopened» ^ ** 
and the cut, on the other liandy ready to receive the currant 
the moment the dam began to adl, the whole work muCl have 
been entirely and unavoidably deflroyed by the influx and 
reflux of the enfuing tide. All this I clearly foresaw: and by 
procuring a lutlicient number of men, nearly three hundred, 
tbe butinefs was completely iiiiilhed, jiiil as ihe tide touched 
the foot of the dam ; and when it was full fea, tlie Ilraw of 
courfe a.d|ed as a receiytJr and retainer to the Jilt brought in by gucccfaful 
(he tide ; which l.'eing repealed by each returning tide, the rcfult. 
dam fpon becan^e cfitirely fixed, beyond a poliibiliiy of ever 
being deflr^yed ; and it is now fo entirely covered, that if the 
pier is kept in repair, the dam mufl ever remain unimpaired 
time, aud proof again!} ihe muit violent flopdapf watei^i. 

For this work, the Compiilfioners voted me fifty guineas The author’s 
(Wf of which I gave to my affiftani) and alledged that, on 

account 
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•ttendios tlie account of the lofs of the. tonnage, and the poverty of the 
wwki: 50I.! they were furry it was not more. This to maunder* 

thefe circumfiances, was a fufHcient apology, and I was con^ 
tent. I now offer it to the conUdcr.Ation of the Society of 
Arts, as a body in foroe degree intereded in the profperity of 
this kingdom. ' Should they deem what I have already re* 
ceived an adequate compenfaiion for fuch a work, and fuch 
an undertaking, at fo inclement a feafon, I am dill content. 
But if they diould think proper to grant me an additional 
remuneration, it will be received w^ith peculiar fatisfaftion, 
and confidered as a very great honour by. 

Sir, 

Your obedient and humble Servant, 

To Charles Taylor, Efq, DANIEL PAPE. 

Cambridge, Trinity Halt, 

Aprils, 1803. 

Jtrference to the Engraving of the Rev. Mr. Pape's Improve** 
ment of Rye Harbour, Plate Xlll. Fig. 1, 

AA. The double roof, filled with draw. 

BBB. Hazel faggots, 12 to 1 4 feet long. 

C. The fpace betwixt the roofs filled with gravel or fei^ 
beach. 

D. The faggots which covered the gravel To laid. 

£. Piles of wood driven through the faggots and draw into 
earth, at the bottom of the river, the heads of which piles 
are united by crofs pieces of wood. 

F. The folid bed of (he river. 

G. The river at low water. 

H* The high, water mark. 

I. The upper fide of the dam, which oppofes the current 
of the river. 

K. The lower fide of the dam, which refills the coming-tn 
of the tide. 

Fig. 2. L. Shows the place where the dam was placed. 

M. The old courfe of the river reprefented by doited lines, 
and which is now filled up with gravel by the tide. 

N. The new canal, cut by Mr. Pape's direflionsi and 
which is now the regular channel for (hipping. 


O. The 
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Ok The pier-head, on the eafl fide of Mr. Papers out. 

, • PP. Jfhc two jutties, on the weft fide of Mr. Pape’s cut. 

, RR. The former canal, cut under the direction of Mr. 
Stneaton, and other able engineers ; but which failed, and is • 
iince blocked up by a bank made acrofs it, o\'er which the 
prefent high road between Rye and Winchelfea pafles. 


V. 

New Experiments on the Uefpiration of Atmofpheric Air^ priju 
cipally with regard to the AbJhrpUon of Azole, and on the 
Jiefpiration of the Gafeous Oxide of Azote, By Frofejfor 
Pfafk, of Kiel *. 

Th c great difeoveries in pneumatic chemiftry, the ingenious Short hiftory of 
and ufcful applications of theie dilcoveries to explain 
phenomena of organized beings, particularly the animal cerning rtfpir^ 
economy, and the valuable refearcbes of eminent philofophers 
have greatly contributed to throw light on the dodlrine of the 
chemical effects of refpiralion. In confequeiice of thele 
refearches, phifiologifts are in general agreed with regard to 
the moft etrential points of this do6lrinc; fuch as the produc- 
tion of carbonic acid, the ufe of oxigen gas, and the animal 
heat which refults from its abforption. But the activity of 
philofophical enquirers has not yet fucceeded in removing ali 
the obfeurities of this fubje€t, and the difagreement between 
the refults of various experiments relating to them, fulficiently 
ihew, that new enquiries are requifite to afeertain the fources 
of fuch errors as ft ill continue, and to remove them altogether. 

The experiments of the celebrated Davy have done much 
in this refpodt, and the refcarches on the nitrous oxide afford 
a new epocha in the chemical doctrine of refpiralion. The 
celebrated editors of the Bibliotheque Britlannique, have 
ftiewn their convidl'on of the great value of Ibefe refearches, 
by the ample and inftru6tive extract they have given, and the 
manner in which Berthollet in the 45th volume of the Annaks 
de Chemie has given an account of the fame, has fufficiently 
fixed the attention of philofophers on that excellent work. 

* This memoir was addteffed to the French National Inftltute, 
and read at their fitting of the 25th of Mefiidor laft (July 13.) 
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The difoancei whteh exifted in the refiiUs of former miU 
perimenti* as to the quantity of carbonic acid prodqpedHn • 
the a£t of refpiration were lefs important^ and might entirely 
depend on the conftitution of the difierent Individuals upon 
whom the experiments were made ; and under this point of 
view« A revifion of the experiments was lefs necetTary. 
But the part which is performed by azote gas in the a6t of 
refpiration has been too little attended to. It has been 
generally fuppofed to be altogether without activity. Goodwin 
alone thought he had obferved a coniiderable abforption of 
azote gas ; but his experiments were not made with all the 
necetTary accuracy, and wf^re too directly oppofite to the 
experiments of Lavoitier, Seguin, Abcrnethy, Fothergill, 
Asote necetTary Menzies, &c. to fix the attention. The experiments on the 
combuftion of combuflion of phofphorus, which does not fucceed in 

phoff^rui. pure oxigen gas, but is fo greatly forwarded by the prefence 
' of the azote gas of atmofpheric air, (liew to a certain degree 
the advantages which this great quantity of azote gas is likely 
to produce in refpiration ; and the unfortunately too concifo 
refults of the lafl experiments of the immortal Lavoifier on 
refpiration, in which it was found, that a much greater 
snafs of oxigen gas is decompofed'in the fame time by ref- 
piration in atmofpheric air than in oxigen gas, (land in con-« 
iirmation of the former fa€l. But hitherto we have pofTefled 
only probabilities} or refults not fufiiciently connedlcd with the 
fubjedt. To Davy it is that we are indebted for an exa6t 
and incontefiible knowledge of the adlive part which azote 
gas performs in the procefs of refpiration. But in proportion 
to the novelty and intereliing nature of thefe refults do they 
require to be confirmed by the experiments of others ; and 
it was in this point of view that I undertook lad winter a 
feries of experiments upon refpiration in atmofpheric air, 
and alfo in the gafeous oxide of azote ; the principal refults 
of which I now venture to communicate to the Nationa) 
Infiitute. 

Experiment on the B^nradon qf 4^moJpherie Air, and 
Oxtgen Gas. 

Experiments of All the following experiments were made in (be academical 
reffiratioji. ]aboralo|y of the Uniyeifity of Kiel} which is provided with 
all the accurate apparatus of modern chemifiry. They wer^ 

made 
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iMide fc(r iht moR part in the prefence of my popilif per* 

• "tkMlTaH^ one named Dierks, who was moft commonly the fub* 
je6l of experiment. 

In order (o determine with preciiion the changes which 
atmofpheric air undergoes by refpiration, and to decide re- 
fpedling the abrorption of assote gas^ we muft begin with 
afcertaining the diminution which a given volume of air 
undergoes by refpiration. This hrft point was to be determin- 
ed by accurate experiments. 

1. The quantity of 170 duodecimal cubic inches of Paris* 
were refpired from one of the great refervoirs of a gafometer, 
conflrudied at Paris after the mode! of that of Charles, over air by the 
water covered with oil, to prevent the abforption of the 
carbonic acid gas produced by refpiration. The refpiration 
was performed once only during the time of ten or twelve 
feconds. The diminution was 4,72 cubic inches, or part 
of the fird volume. This experiment being repeated twenty 
times in the fame manneri afforded the fame rei'ult. 

2* 144 Cubic inches were refpired once in the fpace of 
ten or twelve feconds. The diminution was four cubic inches 
or part of the primitive volume. 

3. T!ie fame volume was refpired twice during 22 feconds, 
and the diminution amounted to eight cubic inches, or yy 
part ot' the primitive volume. The lame volume having been 
refpired liirce tiroes during SOfectonds, the diminution amount- 
ed to 12 cubic inches, or IT part of the primitive volume. 

4. 6*0 Cubic inches were refpired three times during 25 
feconds, the diminution was fix cubic inches, or -fg of the 
primitive volume. 

5. 170 Cubic inches were refpired four times during one 
minute, and the diminution amounted to 20 cubic inches. 

This experiment was feveral times. repeated, and the dimi- 
nution was almoft conflantly the fame. Namely, 13, 19, 

21 , and 20 cubic inches, or 

6. 168 Cubic inches refpired during 50 feconds, by four 
great and four fmall refpirations, fuffered a diminution of 14, 
or of the primitive volume. 

7. 480 Cubic inches by 12 refpirations in 90 feconds, 
faffwed a diminution of 24, or ^ part. 


As thefe quantities are merely /elative, I haxfi 
Ihem. T* 


a^ reduced 

Thefe 
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Thefe refaUf^^gree very well with thofe obtained by Davy 
on the diminution of air by refpiration. He found the ^hni» 
tion by one fingle refpiration to be ^ part« and by refpiration 
continued for dtie minute ^ part. 

The magnitude of the diminution depends not only on the 
time during which a given volume of air is refpired« but 
principally on the magnitude of this vplume itfelf ; it muft 
be proportionally lefs the greater the quantity of air infpired, 
A very eflfential error is feen in the refuits of Abernethy^ who 
gives a greater volume to the expired than to the infpired 
air; and the calculations of Goodwin are founded on a 
mifiaken bafis ; for he fuppofes the two volumes equal. 

DimNiotion of Qf^er to determine comparatively the diminution of 
^ oxigen gas by refpiration^ 170 cubic inches of oxigen gas 
obtained from manganefe were refpired in the fame manner^ 
and under the fame Circumftances as the 170 cubic inches 
of atmofpheric air in the 5(h par digraph. ..Ttie diminution 
amounted to SO cubic inches, and in other expcriinenls, to 
SS, 29, 31. 1 he mean term of which is ^ parts of the 

primitive volume. 

This diminution being eftabliflied with accuracy, may be 
applied to determine the abforplion of azote gas. 

jTpenments to 8. 80 Cubic inches were refpired one time flowly during 

-^nerminc how 12 feconds, and the air expired was received over 

much ajotc is » r 

abioi bed in the mercury. 

pioccfsof ref- relative quantity of the conflituent parts of this ref- 

pired air was in the centenary 4,16 carbonic acid, 16,55 
oxigen gas obferved by the flow combuftion of phofphorus, 
79,19 of azote gas. An eodiometric experiment made at the 
fame time, gave the following proportion of the parts in 
atmofpheric air, one carbonic acid, 21 oxigen gas, and 78 
azote. The total diminution of the air was from the pre- 
ceding experiments We may therefore find the true 
quantity of azote gas by the following proportion, 36 : 35 :: 
79,19 : 76,99. If we fubtradl this 76,99 from 78, the pri- 
mitive quantity of azote in the atmofpheric air before ret > 
piration, we find a lofs of 1,01 on the hundred parts of the . 
whole mafs of air breathed. But as the quantity of air in- 
fpired was really no more than 80 cubic inches, the abfolute 
dirr’nuti^ or difiuipearance of azote gaiby one refpiration, 

nmft, 



' SSiS 


fFAFF OK tlSPIEAl'ldV, 

niuft be dimirnflied in the fame proportion of 100 to 80, and 
. •thiH’pcoves 0,803 cubic inches. 

9. In another experiment 60 cubic inches were refpired 
once in the time of 10 or 12 feconds, and the lad portion of 
the expired air was received over mercury. The proportion 
oi the conftituent parts after refpiration, were in the centenary 
4,68 carbonic acid gas, 17,68 oxigen gas, and 77,74 azote 
gas. An eudiometric experiment made at the fame time on 
the atmofpheric air, gave I carbonic acid, 22 oxigen gas, 
and 77 azole gas. The true quantity of azote gas found as 
before, by diminifhing the 77,74 is, 73,58. And this 
being fubtracied from 77, the quantity of azote gas previous 
to the refpiration leaves 1,42 for the azote which difappeared, 
fuppofing the refpired air to be divided into 100 parts. But 
if we take tlie real number in inches, which was 60, this 
quantity will be expreifed by 0,852 cubic inches. 

fo. 30 Cubic inches were refpired in the fame manner 
three limes during 16 feconds. The expired air contained in 
the centenary 5 carbonic acid gas, 14,5 oxigen gas, and 
80,3 azote gas. The atmofpheric air contained by experi- 
ment at the fame time, 1 carbonic acid gas, 29,75 oxigen gas, 
and 80,025 azote gas. This by the fame procefs of computa- 
tion gives a diminution of 4,235 in the 100, or in cubic 
incites 1,2705. 

Thele experiments which were feveral times repeated, and Remarks)!! 
conftaiuly with the fame refult, decilively (hew that azole 
gas is abforbed in the a^ of refpiration, and the aftive part it 
performs. Hence we may more eafiiy underfland, why azole 
gas compared with other mephitic gafes is fo little noxious to 
our lungs ; fo that according to the experiments of Lavoifier 
and Seguin, animals live very well in a mixture of 15 parts 
azote gas, and one part oxigen gas ; whereas the fame animals 
were fuJdenly fulTocated iii a mixture of 40 parts oxigen gas, 

45 azote gas, and 15 carbonic acid gas. Hence we may 
, comprehend, at lead to a certain extent, theextraordinary efftfls 
of the gafeous oxide^ of azole ; we may form fome notion of 
the transformation of the chyle, which is lefs anamalized or 
azotized in the lymphatic part of the blood, but becomes 
more fo in the a6t of refpiration. But the quantity of azote 
' gas abforbed by one fingle rerpiration is not very confiderable, 

v\ hich 
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which Bgrtts, perfediy with the experiroenU of Davy, who 
found that no more than 5,1 cubic inches of azote gas were» . 
abforbed by 19 refpirations of a volume of 16] cubic inches. 
Ssperlments 1 1 . To determine the quantity of carbonic acid gas pro*- 
^UnSriciof duced by the refpiration of almofpheric air, 60 cubic inches 
carbonic Mid were refpiredonce during ten or twelve (econds, and received 
mercury when expired. Lime water abforbed 4,68 parts 
in )00. This ex|>ertfflent being feveral times repeated 
gave the fame refult. The lafl portion of expired air being 
feveral times transferred through lime water was diminlAied 
4>9 parts in 100. 

12. 20 Cubic inches refpired three fuccedive times daring 
10 feconds afforded no more than five hundredths of carbonic 
add gas. 

13. 170 -Cubic inches were refpired four times during 
50 feconds, the quantity of carbonic acid gas obtained was 
5,8 hundredths. 

14. 170 Cubic indies vi»ere refpired from a bladder eight 
times in one minute. Lime water abforbed 8,2 hundredths. 

This quantity of carbonic acid produced by refpiration, 
afforded a term of comparilbn to afoertain the quantity of the 
decompofition of oxigen gas in refpiration from the fame 
quantities of atmofplieric air,, and of pure oxigen gas. 

Oxigen gas ^he preceding experimeat-s (7) had (liewn that the dimlnu* 
produces more (lon of ox^n gas was flldriimtiriderable than that of atmof- 
rc^r^on't^ phcfic air. From this fa^ it might be expeSted, that the 
■unof^enc air production of carbonic acid gas would likewife be more con- 
ffderaUe ; and this was confirmed by direct experiments. 

15: 170 Cubic inches of oxigen gas obtained from man- 
janefe, were refpired feur tiroes during 50 feconds; the 
diminution was 30 cubic inches. The quantity of carbonic 
acid produced was 8,2 hundredths. Atmofpheric air refpired 
in the feme manner, and under the fame circumfiances, gave 
only 5,8 carbonic acid. 

16. 70 Cubic inches refpired from a bladder during 50 
feconds, alfo gave eight hundredths of carbonic acid. 


Experiments on the Uejpircuion qf the Gafitm Oxide of Carbon* 
Obfervadonson The gafeous oxide of azote was obtained by the proeefs of 
Stalnii^ Davy from cryftallized nitrate .of ammonia. This nitrate of 
gsfeous oxide of ammonia affords very different produQs in different tem- 

peratures* 
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pcralures. I have made a confiderable feries of experiments 
• on Ahi^ fubjedt, which 1 (hall (liortly fubmit to the National 
Inftitute. 1 (liall only remark in this place^ that the oxigenat- 
ed muriatic acid is obtained at the commencement, if the 
nitrate of ammonia be not entirely free from muriatic acid; 
that at a temperature not exceeding 220 degrees of the 
centigrade thermometer, the gafeous oxide of azote is obtain- 
ed in great quantity, and very pure, without any mixture of 
thofc white vapours which have the talie of mudard; but 
that a temperature Hill higher, efpecially at a red heat, the 
galeous oxide of azote is no longer difengaged but nitrous 
gas is formed, and very peculiar while vapours which I am 
at prcfent examining, lo prevent any exploiion, I always 
mix the nitrate of ammonia with very pure fand. To obtain 
the gafeous oxide of azote in a very pure (late, the diAillalion 
mud be made on a fand bath, and the (ire carefully managed. 

When every thing fucceeds properly, the gas is fo pure, that 
it may be refpired immediately; it has an agreeable tade, 
almod facchar vinous. If it be mixed with the white vapours 
produced by too drong a heat, time mud be allowed for 
them to be depofiled. 'rhe ede6ls which Davy has obferved, Davy’s e*pcri- 
and Pi6tet has deferibed with fo much intered in his fecond 
letter in the 17lh Volume of the Bihliothcque Britanniquc,o^^^^^t* 
were perfe^ly confirmed in my experiments. Several perfons 
who refpired this gas were exalted abfolutely in the (ame 
manner. One of thofe who refpired it was very fpeedily in^ 
toxicated, and put into a very extraordinary and mod agree- 
able extacy. Others redded foroewhat longer ; one Only 
feemed to be fcarceiy at all affected. The exaltation al way f, 
pafTed over without leaving any perceptible relaxation, 1 
dill continue tbefe experiments. Perhaps this gas may be- 
come a powerful remedy for melancholy adeftions, 1 (hall 
not fail to communicate the refults of my experiments to the 
National Inditgte. 


VI. ExperimnU 
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Jted gum adra- 
canth left after 
cranbuftion 3^ 
hundredths 
chiefly carbonate 
of lime^ with a 
little iron and 
phofpha^ of 
Sine. 


tHiite gum 
odracanth left a 
lefidue of 2 , 
^hich contain- 
ed the fame 
principles and 
sOkali. 

^Cun^ arable left 
3 containing no 
anuK. 


Opacity and 
difficult foiu- 
hility of gum 
adracanth. 


The runcr'jft 
gums is com* 
hined with acid^ 
forming a 
Ibluble faJt^ 


EapetifUctUn on Gam Arabic and Gum Adracantlu 
lij/ M. Va 1/ QU Etl N 

TTkV grams of rdd gam adracanth produced on combuftipn 
three decigrams and a half of white allies. Thefe allies 
dilfolved in muriatic acid with efiervefcencey and gave forth 
'an odour of fulphurated hidrogen. Their folution depofited 
a precipitate by ammonia, which was phofphate of lime and 
oxide of iroR. The oxalate of ammonia precipitated from it 
much lime. Thus red gum adracanth contains in 100 parts 
about 3| of allies, which was compofed for the moll part of 
carbonate of Jinic, a fmall quantity of iron, of phofphate ol 
lime, and perhaps of a very minute portion of alkali. 

2. Ten grains of white gum adracanth fubmitled to the 
fame proofs, gave three decigrams ol alhes, which were com- 
pofed of (he fame principles as the red kind, with the ad^ 
dition of a little potalli. 

3. Ten grains of gum arabic burnt as the others, left threo 
decigrams of allies, which were compofed of the fame 
elements as the preceding, except that they gave no fign of 
llie prefence of alkali or of fulphur. 

1 formerly thought (hat the opacity of gum adracanth, and 
the difficulty of its folution in water, might be occalioned by 
a greater proportion of earthy mailer; but after thefe ex- 
periments it appears, that they are due to another caufe. 

The .lime which 1 found in the gum, which I am about lo 
mention, was doubtlefs neither in the Hate of carbonate, ami 
' Hill lefs in that of quicklime ; for the folulions of the gum 
' were not in the ]eatl alkaline, but on the contrary, llightly 
acid ; at leaft a bit of the gum rubbed on fome papet well 
inoidened (with blue vegetable juice) made it fenllbly red. 
It is alfo certain, that oxalate of ammonia and carbonate of 
potalb occafion precipitates in the folution of gum arabic, and 
liiat acetite of lead does not form any. It follows from this, 
that the lime is moll probably united to fome acid in the 
gums, wJiich doubtlefs is a vegetable acid ; for in being 
decompofed they leave their bafes combined with carbonic 

* Annaks de Chimic, Tom. 54^ 



GITM ARABIC AKO ADRACAVtR. ' ' 257 

ficid ; Jtmt can be neither the oxalic^ the tartaroai^ oT Ike 
*citrlS;^ becauie their oombinatione are infolable tti frat^r, 
and (hat betides* they exift but in k fmall namber of vefje^ 
tables; ftifl lefs can it be the benzoic^ the gallic, the morox* 
ulic, or the hontJHc, which are very rarely found in naturally, 
and of which the three left alfo form infolable colnpoand km 

There only remains to decide between the acdtous and the The acid muft 
malic acids, which are the mod abundant in the vegetable 
kingdom. The fird forms, as is well known, foluble com- malic. ^ 
binations with ail the fubflances with which (hey are capable 
of union ; fome of them are even deliqaefcent. It is betides • 
the mod frequent refult of the operations of nature lit the 
vegetable and animal fydems, (ince it is formed by vegetation, 
by fermentation, the adlion of the mOre powerful acids, and 
by the influence of heat. 

The combinations of the fecond are for the mod pUtt in- But the malic 
foluble in water ; that which it forms with litoC 
is not fenfibly foluble, but when there is an excefs of actd;ii(ne, 
and its exigence in nature is by no means fo frequent as that 
of the acetous acid ; and as the lime which is found in the 
tranfp4rent gums has been incontedibly diflblved in the jtti6es 
of the vegetables which produce thefe fubdances, ii h the 

more pro^blc, that this earth is in them cotabihed with 
^ acetous add than with any other. 

It is alfo probable, that (he fmal! quantity of potafh which Thepotafh In 
1 found in the allies of the burnt gums, is united to 1^^ 
acid, which explains why thefe fubdances are fo fendtile to 
humidity, and foften fo much as to prevent their (mlveriza- 
tioi). 

I am, however, much inclined to think, that In cefrtain Some gmna con-* 
opaque adracanth gums, which are of difficult fotution, and grTat^r^or- 
yield much lime on incineration, this earth is combined with tions. 
malic acid. I bai^e had occalion lately io examine a gum 
gathered by lU. PalifTot Bauvois, from the cbchineal nopal, 
which was opaque, fwelldd with water, did not dilTofve 
uniformly, and which yielded eight per cent, of lime. And 
as the fap of 'every cactus which I have analyzed, yielded 
more or lefs acidulous itialate of lime, there is great fexfon to^ 
believe, that the fpecies of it which nouriffies thO* Cochineal 
contains it likewife : and that k is the prefenoe of this fait 
proceeding from the vegetable, and diflblved in the fap along 

VoL. Xn, — December, 1805. S with 
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General refults,. with the gum* which CBufes its olMicily^ and obft’ru^s Hs 
foluiion in water. It refults at lead from thefe experiments • 
ih«t (he gutm contain, flrd e calcareous fall, mod commoniv 
the acetate of lime ; fecondly, fometimes a malate of lime 
with an excefs of acid ; thirdly, phofphate of lime ; fourthly 
and laftly, fotne iron which is probably alfo united/to phof- 
phoric acid. 


VII. 


Ziffre detonated 
with charcoal 
and nitre* 


Fufion with 

black flux. 


The metallic 
button again 
detonated. 


Lixiviatlon 
fepaiates the 
acid and arfenic. 


Nitric acid 
diflblve'i the 
cobalt abne* 


Evapoiate and 
rediflblve. j 


Mdhod of obtaining Cobalt pure. By M. Teomsdork 

Four parts of zaffre well pulverized arc to be mixed 
carefully with one part of nitre, and half a part of charcoal 
in powder : this mixture is to be projected in finall quaniiiies 
into a red hot crucible, and this operation repeated three 
times, adding each lime to the refidue new portions of the 
nitre and the charcoal. 

The roafs refulling from thefe detonations ought to be mixed 
with one part of black (luxi and expofed during an hour in 
a crucible to a red heat. 

whole is then to be left to cool ; the metallic cobalt to 
be feparaled, pulverized, mixed with three times its weight 
of nitre, the mixture detonated with tiie precautions 
above mentioned* 

The, iron contained in. the cobalt will thus become firongly 
oxidated, and the arfenic acidified combines with the potafh : 
The mafs pulverized is to be lixiviated many times, and re- 
peatedly filtered ; and thus (he arfeniate of polatli formed 
will be feparaled from the infoluble reiidue that contains the 
cobalt. 

This refidue is. then to be treated with nitric acid, which 
dilToIves the cobalt without attacking tlie iron which is found 
oxidated (p lis maximum of oxidation, 

.The folution i& then to be evaporated to drynefs, the refidue 
rediffolved in nitrous acid, and the liquor filjered, to feparate 
the laft portions of the oxide of iron, which might have 
efcaped in .(he firfl operation. 


^ From die Annals de Chimici Tam. 65. 
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All ^hat remains (o be done after this is, to ^edoiupofe itie Precipitate the 
tiftrafe of -cobalt by potafti, to wafti the precipitate, and to j* 
efTe^ its redu^ion by means of heat. 


VIII. 

A new Method of extraSiing Sugar from Beet-HooU 
Bjf aM, Ac hard *. 

T*HE roots of the beet, after being properly cleanfed, are Beet root* arc 
diced and prtrded. Tlie juice obtained is thick, and of a deep 
colour : it contains, betides fugar, albumen, feculat and feparated, 
other matters from which it mud be cleared, in order to 
obtain tiie pure fugar. In this procefe of reparation it is, 
that the art of procuring fugar from the beet-root confifts. 

In a boiler of tin, or of tinned copper, mix 100 lbs. of the Oneft6th part 
juice of beet root with ounces of fulphuric acid 
with one pound of water ; (hen pour it otf, and let it ftand juicr, and after 
for 12, 13, or hour:>; 12 hours are fufficient, but 24 will ^“‘***"| l^*^^**' 
not be detrimental to the procefs, as the acid prevents any ^nd one part of 
change in thejuive. In order to feparate the fulphuric acid) 'I'he 
put into the liquor 7| ounces of wood afties, to which add 
ioun afterwards, 2 ounces or 6^ drachms of lime ftaked in fepaiated. 
water. Tiie fulphuric acid coagulates the albumen, the wood 
afhes, coniifting chiefly of lime, and the lime itfelf feparate 
in their turn the acid, in form of an almoft infoluble fait. It 
will here be recollected, that in the Wed Indies, in the fa- 
brication of coarfe fugar, and in the refining houfes of Europe* 
lime is ufed to ailid the reparation, and the crydallization of 
this article. 

After this fird operailoii the beet root mud be clarified ; Farther ponR- 
for which purpofe it mud be poured into a boiler fo placed l^jl* 

as that the fire may a£l equally upon all the whole furface of 
the bottom, in whi^'h it is to be heated to a Hate bordering 
upon ebullition, but mud not be fuffered a£tua^v^to boil. 

After drawing out the dre, the fyrup is to be fkimmed till 
the fkum arifes in blackiih flakes. The liqmor is now to be 
Altered through flannel, which mud be done with Caution, 
led the dregs pafs through with liie fyri^>. The ikum and 
the dreg&are good for fattening fw’ine. 


♦ Van Mons's Journal, Vol. VI. 
S! 
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Thofynipj 'thus clarified and filtered^ is placed In a^allow 
caaldrpn^ to the depth of not more than fix incjieC and 
evaporated over a briik fire, whereby it is prevented from 
becoming a liquid facchartne mucusi which refills all attempts 
tacryflallsxe it* 

When reduced to about one half of its quantity, the fyrup 
is to be poured into tin velTels about fix feet in height, and 
half a foot in diameter, with cocks about fix inches from the 
bottom. It mu ft here be left for two os three days, during 
which time it precipitates whatever remaining impurities 
It may contain, particularly gypfum. At the end of (his 
period, the liquid may be drawn clear off, and replaced in 
the (hallow boiler, but only to the height of three inches, to 
evaporate; the fire to be gradually augmented, as the fyrup 
thickens, until it be in a ftate of ebullition* The fire is then 
to be damped to prevent the fugar from burning, which 
would render it unfit for cryftallization. 

When the fyrup becomes fibrous, the fire is to be ex* 
tinguiftied. 

In about half an hour afterwards, the fyrnp is to be pomied 
into cones, of which the mouths are flopped with linen cloths, 
and containing a little coarfe fugar-candy, grofsly pounded. 
Thefe cones ate fet in a rodm whofe temperature is from 10** 
to 20^ of Reaumur. 

When the feveral operations have been dexteroufly ma- 
naged, theTugar will cryflallize in 24 hours: but if the eva- 
poration, or baking, has been too hgAy, the whole becomes 
a granulous mafs^ with the interflices filled with melafles. 

When the fugar is well cryflallized, the mouth of the cone 
is to be opened, and an eartbern veflel placed under to catch 
the melaffes : this operation, according as the fyrup has been 
iD^re or lefs baked takes three or four weeks. 

The fubftance remaining in the cones, of a yellow colour, 
more or lefs tinged with while as the baking has been well or 
ill condudted, nt granulated cryflals of various fixes, is the 
coaHe fugar of beet-toot. 

Mr. Achardi in order to fare iime, and to avoid the ufe of 
velTcls.for fettling the liquor, afterwards deviated from^his 
originarplan, by adding to the fyrup^ when half evaporated 
as above deferiberf, for every twelve quintals of roots ufed, 

five 
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five 9^ flcimmed mtlk» and (hortly afterwards one 

4uart of. vinegar. He then proceeded with the fecond eva* 
poration in the boiler. 

This fugar by refining may be made to anfwer all the ufes Subfcquent re- 
of that of the Weft Indies^ and may be rendered equally “ '*^“**' 
white by the ufual procefs. 


IX. 

On Nickeline (Nicco1anam)9 a Metal in many Refpe6ts refem- 
bling Nickel, lately di/covered by Dr. J. B. Richter.* 

I HAVE long fince conjeSured in analyiing the cobalt ores Safpicion of • 
of Saxony, that tliey contained, befides cobalt, arfenic, cop- ** 

per, nickel, and iron, another metal which refembled nickel 
in many f its properties, but the means which 1 have hitherto 
employed to feparate it did not l^fore afford me any fatisfac- 
tory refults. 

1 was chiefly furprifed that nickel, after being purified by Remarkable 
the liquid procefs from cobalt, iron, and arfenic, and afipr di«rc?of 
that reduced without the addition of a corobuflible body, and arlenk and 
never formed a raafs, but was always found difperfed in fmall 
particles in a hard heavy mafs, which had the appearance of fnyan giobulea 
the remains from vitrified copper. 

This hard matter had no metallic luftre, neither was it at- through a 
trailed by the magnet : Its colour was of a blackifli grey on grey 
the furface, with a fmall degree of brightnefs ; and in powder 
it was brown, greyifli, and greenifh. 

Some weeks ago I endeavoured to reduce per fe almoft half Experiment with 
a pound of oxide of nickel, which I had purified as well as 
poffible by the liquid procefs, for the greateft part of a year, nickel, 
at a conftderable expence : as this oxide was not of a lively 
green, 1 though, this was caufed by the extradive matter’’ 
which might be in the potafh employed for the precipitation 
of the folphate of nickel from the ammoniacal preparation : it 
is true that this triple combination had not that beantiful 
grafs-grten colour which it commonly had ; but I fbeught this 


* Amtales de ChimU^ LXIV. 
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might be caufed by the fubflitation of thepotafb to the arn« 
monia mixed wilh the copper, which could not be jepftrated 
but by the redufiion perfe. 

Ouly afmall From thefe ideas I hoped to have at lead four ounces of 
mafs nickel, but was difagreeably furprifed.by find- 

wasobtaiued. ing in the crucibles, whicli were deformed in the tifual man- 
ner, and perforated by the vitrified copper, a roii|;h mafs 
with the appearance I have before mentioned, and which 
contained only a morfel of about two and a hall and 

confequently only five drams of pure nickel in the i . o cru- 
Thedenfeac* cibles. I reduced to powder in an it on mortar the leiiiaining 
compnnying (which could not properly be called fcorire), and fepa- 

pulverised and I’^ted trom it by the ueve and the magnet, the particles ot 
the jiickeUepa- nickel which it might contain, which produced near two and 
nagnetand by ^ drams more ; and that nothing might be Icfl, I treated 
nitric acid. the powder with nitric acid, wiiich attacked it vigoroufly at 
plTeTfo^thc^nufs ^ folulion ot nickel, but after that (li<l not 

gave no more ad on it in the lea/l, fo that (he powder w'as but little dimi* 

regulus* jiiflied in weight ; in expofing thii» matter to redudion per fe, 

it produced no regulus, but merely agglutinated its parts. 
Themafi being Having again pulverized the mafs, which weighed almoft 
w u^ed^with ounces, I mixed with it one ounce of charcoal in powder, 
^arcoal, and expofed to the fire of a porcelain furnace during eighteen 
more hours, in a crucible clofed with a luted cover, in a part of 
weight of metal furnace which feemed to me to have mod heal. After 
hi W mats. having broken (he crucible, which was in a found date, 1 
found, under a fcoria of a deep black iQi-brow n colour, a well 
fufed button of metal which weighed (wo ounces and three 
quarters: it was not at all couneded with the adjoining parts 
of the fcoria, and had at its inferior part a particular Aiape, 
which was caufed by ca%'itics which were not produced by 
the crucible. 

It wis fteel CO* This metal had the grey colour of fteel, inclining a little to 
hard prefented in its fradure a grain not very fine ; it was 

malleiUcT^mag* hard : could be extended a little under the hammer in 
lies), dec. ^ cold fiale ; . heated to rednefs it endured little the firokes of 
the hammer: it was altraded by the magnet, but not fo 
firongly.as either iron or nickel : it had many properties com* 
noon to. nickel, but it was diflinguifiied from it entirely by 
pthers. As many of Ihefe properties were fucb, that thofe 

not 
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not acquainted with nickel in its perfefily pure flale 
•irtightTake it for that metal, I have called it Nickelinc fATic- Name Nicktlint. 
colanum*) 

The nickeline was free from all the metals which are found 
in the cobalt ores, except a little copper. 

The fpecilic gravity of caft nickeline, which enters more 
readily into fufion than nickel, is 8,55 ; and of forged nicke- diflilvei k!,' 
line 8,6*0. On putting it into nitric acid and healing it, it 
is attacked more quickly tlian nickel: 1 remember having 
obferved an equally violent a6tion of nitric acid on nickel 
reduced by charcoal, which 1 then coniidered as pure, and 
which 1 diifolved in order to precipitate from it by potalh an 
oxide, which I might reduce per Jt. 

The fulution of the nickeline went on viell; being come to 
the point of faturation, it had a black! (h-green colour, and 
afTinned a gelatinous confidence, 

1 employed my firft care to feparate from it a part of the 
iron which I thought it contained, and left it to dry a little aSdl*^ Reudue 
»)ver a fpirit lamp ; the raals became continually of a deeper • *>1*»J*^ powder, 
green, and in approaching to drynefs it gave out much red 
vapours, and the refidue became of a blackifii grey ; I added 
djfiilled water to it, which difiblved but little of it, and that 


which was diifolved was an infignificant quantity of nickel. 

I poured muriatic acid on the blackilb powder well wathed, S®1“1*1® 
which gave a green fomljon, in diiengaging a firung odour Green foiuKioojc 
of oxigenated mUriatic acid. j 

7'ho muriatic (uluiion W'us, as well as (he nitric folution, ofdiA maf/^at 
a deep blackifl) grafs-green colour: being evaporated to dry*^“™* S'*** ^IT 
nel’s, it produced a reddiflj niafs, which bec'ame green in a ****”^’ 
nioifi air, and which conimunicaled the green colour tp water 
in which it was ditfoived. 

This dxrk-colourcd oxide of nickeline was infoluble in nitric of 

nicicelinc nor 

acid, j^nd in fqiphuric acid ; but if fugar or alcohol was added, ibitibie in nitric 
the folution took place with facility at the boilifig point, ^*'d'**^^**^t 
The fiilphate cl nickeline, being combined with water, is ^ombuftible 
alfo of a blackifli greep ; but it afiumes a pale red colour on macten 
being deprived of the water. kelule!^ of mc- 

If carbonate of potalh be added to the preceding folulions precipitate bp 
of nickeline, it occalions a precipitate of blue carbonate of - 

nickeline, inclining a little to grey and green, and of p pale^^^’* 
tipi ; This combination is very light and foft, and difiblves in 

the 
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the acidi witb ft lirong efliervefcence. I remember ^have 
had, fome years ago, this precipitate of a bad colour, aiuf 
not then to have examined it, conddering it as a mixture of 
iron, nickel, and arfenic, (which lad continually made itfelf 
noticed by its odour of garlic) : But at, laft I fufpeded its 
nature. 

by cauilSc pou If the folution of nickeline is decompofed by caudic pofafli, 
it gives a precipitate which refembles in its colour carlx)nate 
of chrome ; that is to fay, it is of a deep greenith-blue, which 
does not change when it is wathed : being dried with a gentle 
beat, it aflTumes a pale colour, which becomes deeper when it 
is moidened with water. 

by ammonit. If any of the foregoing (elutions of nickeline is mixed with 
ammonia to excefs, the liquor atTumes a pomegranate red co- 
lour, and remains tranfparent ; which proves that it does not 
contain any iron, beaufe that this latter is not foluble in 
ammonia. By candle-light this folution is with difficulty dif- 
tiiiguidied from that of perfedlly pure nickel ; but by day- 
light, this latter is of an ametbyd red colour, as I have elfe* 
where remarked. 

Points of com- • I diall now compare the principal properties in which nic- 
ntcicSiiiraiid'” refembles altogether, or in part, nickel or cobalt, and 

nickel or cobalt, thofe in which it is didin£l from them. 

It refembles cobalt — 

Befemblances of I* il’ property of fuper-faturating itfelf with oxigen at 
nickeline and the expence of the nitric acid, and thus forming a body which 

€ o 14 u refembles the black oxide of manganefe with regard to its 

folubiiity in the acids : 2. By its property of not being re- 
ducible but by the intervention of a combudible body. 

It differs from cobalt — 

Deferences U- 1. By the blacki(h-green colour of its folutions, even when 

aod^coblS^'***^* entirely neutralized. It is known that the neutral 

folutions of cobalt in the fulphuric, nitric, and muriatic acids, 
are of a crimfon-red colour ; and that the muriate of cobalt 
alone becomes of a greeni(li*blue on being deprived of its 
water : from whence it happens that an excefs of acid pro- 
duces :hi8 colour, becaufe it combines with the water : With 
the Doriate of nickeline preCifely the reverfe takes place; 
. when mixed with water it is green (although of a lefs bean* 
tifol colour than the cobalt without water )i and when de- 
prived of its water it becomes reddiih.— -2. By tbt ct^ur of 

its 
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its car^nstte : that of cobalt is of a beautiful poppy-blue, bat 
the carbonate of nickeline is a bluiih-green inclining to a pale 
grey. — 3. By the colour of its oxide precipitated without car- 
bonic acid ; that of cobalt is of a deep blue^ and changes on 
wafhing to a black iflr.brown ; but this oxide of nickeline is 
of a greenith-blue, and its colour does not change. 

Nickeline refembles nickel — 

1. By its ftrong magnetic quality ; although this is qdt fo RefcmWancei 
great as that of nickel. — 2. By its malleability, which how» ni^fU 

ever is lefs than that of nickel. — 3. By the deep green of its 
folutions ; although this colour is not fo beautiful as that of 
the folutions of nickel. — 4<. By the lofs of this green colour 
when its neutral combinations are deprived of water. — 5. By 
the colour of the acid folulion with an excefs of ammonia, 
which cannot be well perceived by candle-light. 

Nickeline differs very diflinAIy from nickel — 

1. Becaufe it cannot be reduced without a combuftible Differences !«• 
body added to it. — 2. Becaufe nitric acid attacks and oxidates 
it more eafily^ Nickel is not near fo readily adled on by the 
nitric acid if it is not mixed with the nickeline, which almofl 
always happens with the magnetic nickel which is confidered 
to be in a (late of purity, and which has nut been reduced 
jKr fc before ray difcovery. — 3. It alfo differs from nickel by 
the property brfl mentioned of thofe in which n't refembles 
cobalt. — i. By the colour of its combinations with the acids, 
when deprived of water : This colour in nickel is almofi a 
buff (clmmois), and in nickeline a reddifb, except in the 
nitrate of nickeline, which cannot be deprived of water with- 
out decompdfing it. — 5. By the colour of the precipitates, men- 
tioned in the fecond and third articles concerning the proper- 
ties wherein this new metal differs firoro cobalt, which are in 
tliofe of nickel of a green colour entirely different from thofe 
of nickeline, which latter are of a much more agreeable 
green^ efpecially thofe of the carbonate. 


Lciier 
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Account of rail' 
roads. 


communicated 
toDr« Anderfon 


Another plan 
by an inclined 
road. 


particular de- 
tail. Difpatchcs 
may be rolled in 
a fpherical cafe 
down a long in- 
clined channel. 


lAtler/rom 6. Cumberland, I\fq. on a Prtjcdfor txtendtd 
Roads on the Principle qf the inclined Plane. 

To Mr. NICHOLSOX. 

SIR, 0(51. 26, 1805. Wefton-ftpra^Mare, 

* i^^BOUT ten years ago having frequent occahon to remaik, 
and fuffer from, the miferable Rate of the roads from Staines to 
London during the winter feafon, 1 ventured to propofe (not 
having at that time either feen or heard of railroads) a plan 
which I called a truck-road tor the whole ot that (iage, bccaufe 
it was intended to convey all forts of goods and even carriages 
on trucks, going to town on one fide of the old road and re- 
turning by the oilier. 

This plan I fent fome lime after to I>r. Anderfon, with a 
drawing, for his Recreatiom, but by fome accident it was nhf- 
laiJ and loft; and the reward of jny trouble was the fly fneers 
of niy grave Windfor neighbours, to whom it was known, 
accompanied w ilh a (ort of pit) for heads capable of propodng 
fuch eceeniric inventions. 

Time however revenged my caule, by (bowing them ilie 
pra61ic ability of fuch fcdiemes in the prrgrefs of the Surry 
undertaking. 

At llie lame Umc atniher plan c»f cxpcdilicus conveyor.ee 
occurred to my mind, but which 1 was deleried (rom then 
producing ow ing to the cold recfpii(»n my hi ft contrivance 
met with — And as r.o one, as tar as I ran learn, I'as hitheito 
brought forward any improvement (;t the kind (although fo 
very obvious that it might eafily be fuggefted to the mind of a 
child who had heard of roads on inclined planes,] 1 lake the 
liberty to recommend it to your patriotic publication, convince4 
that whatever may, at one time or otlier, be («f fervice to man- 
kind, will be always fure of a favouiable leception at your 
hands. 

The plan I propofe then is this ? — That all difpatclics and 
’ poft-lellers may, wherever it is compatible with the inclina- 
tion of the ground, be conveyed ten or filleen miles to and from 
London by means of iron or Miooden Jhells qf a globular fom^ 

rolling 
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t;fdUti§jH‘a^i/linder qfbrkk or ftone. When clofed and locked, 
a due'fn^menUim being given, at a proper clevaiion^ il is eafy 
to fee 4l)a^ ll)eir fpeed and fecurily mud far furpafs any other 
mode of conveyance that we at prefent know of ; and ail that 
would be neccdfary in addition <o the machine would be to have 
proper beds of (and or wool bags to blunt their projedlile force 
at the end of their career. 

I fliall not at prcTent enter into the difcuflion of the coiv 
drudion of the tube-roadi or go to a calculation of their cx- 
pence; but ii you think the bare hint worth publifliing it will 
give me pleafuie, Ihould the idea be approved, to go into all 
tiio minutiae of their utility in other rcMpcdts, and the means 
oi iheir ultimate accOmpliUnnent ^ 

Being always, Sir, 

lour obliged humble ftTvant, 

G. C. 


XI. 

On the Slat f ff Pr/ inirial Societies Jor Sdem^fic ajvi Lilevaiy 
JmprovL nn nt, Bi/ a C o ii k r p o m> t n t. 


SIR, 


To Mr. NICHOLSON. 


Being in the (uftom of vlfiting Aberdeen, in one of my Great advfnbiS« 
Jail lours, 1 inquired if llure were any Antiquarian or Li- 

^ • r, . r 1 , . 1 1 fult to the tOWO 

terary bociet Vi or Subfcnpiion Ltbrary there, and v\as much of Aberdeen 
furprized to find neither one nor the other; there is, I was the efta- 
told, an Aihacneum, in which a good number f)f ricwfpapers, 
and fome of |he mod refpeflable periodic al publications, are &c, 
taken in, and in a room above that', a circulating library ; 
this laft I knew to be the property of two very refpeclable 
bookfellers in Aberdeen, and 1 beliei^e the former is aifo, but 
the two united by no means effe^l the utility of either a lite- 
rary fociety, or a Jub/cripiion library, in which the books, 
ore the property of the members, and who/e concerns, fuch as 
i'hoojiug and ordering booka, and the tike, aiecondutted by a cem^ 
mittee, choftn out oj the fubfenbers. Few ot ihofc who know 
that there is no fuch inftilulion there, when they confider'the 
s«lpedtabili(y of the place, either in a commercial or literary 

vie\y, 
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view, but xnaft feel greatly aftopilhed ; and more partinlarly 
will the want appear, when it is alio knowo» that in Montrofe; 
Arbroath, Dundee, and Perth, places much fmaller than 
Aberdeen, and not pofli^ng any college e(labli(bment, there 
are fubfeription libraries, on the above plan $ nay, that Perth 
liath alfo, an Antiquarian Society ! Subjoined is a lift of feme 
other places in North Britain, enjoying the advantages of fuch 
eftabliflinietits as I would recommend to Aberdeen; fome 
of whom, it is obvious, have not near the profpeft of fuccefs 
that that place could command. 

Glafgow, Patiley, Greenock, 

Kilmarnock, Linlithgow, Haddington. 

On the borders of Northumberland, Dunfe and Kelfo, 
The annual fubfcriplion to none of thefe is more, in feme 
cafes not fo much, as to the Athmneum of Aberdeen and others, 
and they all pofleis very excellent and increaiing feleftions 
of books. 

I am, Sir, 


Tour's refpc6tfully, 

A TRAVELLER. 


york Hotel, Bridge Street, 
Black Friars, 


and to other P* S. I am forry to be informed that neither Invernefs, Banff, 
fpetiable and qj- Peterhead, poflefs fuch inftitutions, particnlarly the firft, which 
^ ^ * prefents fuch an abundant number of objects to the antiquarian, 

and is furrounded by, and contains, fo many gentlemen of 
diftinguiflied liberality, and ingenuity ; at this place the northern 
meeting was eftabliflied for the avowed purpofe o promoting 
intercourfe amongft diftant families, but how much more might 
be eflfeded of general amelioration and comfort, by the efta* 
blilhment of a Literary and Antiquarian Society, in which fub-* 
jedls conne6ted with general improvement might be difeufled, 
and books in chemiftry, agriculture, and other more inime* 
diately uf'eful parts of knowledge, colledled. 


Notice 
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XU. 

Notice of certain Inftancee qf wapfid Negligence in Jbm Fijheries 
in tlte North, By an ENauxREa. 

To Mr. NICHOLSON. 

SIR, London, 0£t. 10, 1805. 

It U mentioned in the Sialiftical Reports of Banff and Peter- Inftances of 
head, that thefifliermen there never think of carrying their fifh ^n^c^in fume" 
along (he coaft fouthward, which they might do, to Leith, in fiiheries. 

24* hours, or with a good brifk wind to Berwick-upon-Tweed, 
or even Newcaftle-upon-Tyne: but when their refpedtive 
towns are fupplied they throw the remainder upon the dunghilh 
for manure! this was poiitively affirmed to me as a (ruth, by 
a gentleman of great rerpe6tability of Aberdeen. — At Arbroath 
another cuRom equally as extravagant in its kind prevails, 
and of which I have been a witnefs: the crab fiffiery there is 
fo produ6live, that after boiling them, the hodieu of the crabs 
are thrown away, and the large claws only brought to table 1 
Ought not fuch amaxing wafte to be remedied ? * 

Your^s rerpe6tfully. 

An ENQUIRER. 


XUI. 

On Bile, By M, Thenard f* 

Bile has been commonly coniidered as a faponaceoos liquor Bile eonfidered 
charged with albumen : but it has been found, upon clofer in- ^bumen^**^ 
veftigation, to prefenl phenomena which cannot be accounted 

^ S(u> What may the value of manure procured from Bib atthefe 
places, compfl(red with the price of the article at the neighbouring 
markets, fubjefr to the deduction of carriage (coaftwife), and the 
effefr of a rival fiipply from nearer parts of the coaft ? — ^The fadls 
which would folve this queftion, would (hew whether the fithermen 
neglect their intcrefts in thefe proceedings, — W. N. 
t Bulletin des Sciences, No. 95. 
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for merely by the prefence of thefe principles : this isjttore 
parlicttlarly to be obferved on fubmitting it to the aAibn of 
fire and of acids. 

DsftruSlivi: rllf- Bilct if ditlilled to dryiiefs, leaves a refiduam equal to |th 
o'llf eightl?'^in original weight ; from 100 part* of which calcined is 

which is only obtained a Carbonaceous matter, coinprifing feveral kinds of 
f da'^*and thfs * ** marine falti phofphate of foda, fulphale of foda, 
cannot faponify phofphate of limei oxide of iron, and four parts of foda. Bile 
the oil. therefore contains no more than J-5 parts of its weight of foda. 

So finall a portion of alkali would not be fufficienl of itfelf 
to duFoIve that quantity of oil which is known to cxili in bile: 
a fair prufiimption may therefore be entertained that this •li- 
quor contains fome other property to fupply the abfence of al- 
kali. This conjecture increafes to flrong probability, if not 
to abfolutc certainly, in attending to the action of acids on 
bile. 

Acid feparates If a few drops of acid be mixed with bile, a liquor of a 
oil and albumen is obtained, which (tains paper of a bright 

clear fluid is yellow. In this experiment little or no precipitation is per- 
hitter, and af- ceivcd ; but on the addiiiim of more acid, it lakes place abun- 
a*rcfiiuum!^* danlly : the matter depofjted confifts of albumen joined with 
a very finnll portion of oil, not at all correrpoiulent 4 o the 
quantity of thefe fii l> fiances lobe found united in pure bile. The 
liquor remaining after (illration is of an extremely bitter tade, 
and leaves on evaporation a refuluum equal to what is ob- 
tained from a like quantity of bile in its original (tale. 

The oil with an On diflTolving the oil, which had been previouflv obtained 
alkali and aibu- ffom bile, in alkali, and adding to the ley produced, a portion 
men IS not ic. albumen, a combination look place w Rich was decompoftsd 
by the molt feehle acids, and from which vinegar precipitated 
all the oil. This combination, therefore, was not bite ; con- 
fequentiy bile conlids not merely of albumen, oil, and (oda ; 
and this is the reafon why foiuble falls, barites, ftrontian, lime^ 
and feveral metallic doTolvcnts, make no impretlion upon bile. 
Bile contains a No linger doubting Huit there exifted in bile a matter peculiar 
peculiar matter, itfelf, I endeavoured to feparate it ; and after a few (rials, 
1 fucceeded, by means of a combination of acetous acid with 
lead. 

Acedte of lead pouring into bile acetilo with a fliglit cxrefs of oxide of 

precip. the oil fead (that is, dcelite of commo?' lead boiled with aliout the 
hquot by4vap. ovvn weight of litharge deprived of its carbonic 

acid)* 
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ilCijd) the whole 6f the aibamen and oil were precipitated ; the « fubaance 
• liquor being filt^rtd, the oxide of lead and acetite were fepa^ *'^^**^ 
rated from it by means of fulphurated hidrogen ; and by eva4 
poration, after having again filtered the liquor, a fobflance 
was obtained whofe flavour was at once faccharine and acrid, 
fomevvhat iimilar to the juice of certain kinds of liquorice^ 

Jdui as this fubflance was flill fuppofed to be charged with the 
faltsof the bile, changed into aceiite, by the acelite of lead, 
it was precipitated with acetite fuper-fatu rated with oxide of 
lead, containing one part of the quantity of acid found in cons* 
mon lead; the precipitate was diffolved in vinegar, to free it 
from the fulphurated liidrogen,^ filtered, and again evaporated ; 
by which means the niaiter was obtained in its greatefl purity. 

Its principal qualities are had the prculur 

1. Being foluLle in w'aler, and in alcohol, flightly deli- 
quefeent. 

2. It is not precipitated by acelite of common lead ; but is 
entirely lo by the falurated acelite of lead, which precipitate is 
foluble in acelite of foda. 

3. It will not fciinent with yeafl; will give no ammonia 
by dirtilialion ; and is. not alfedcd by the prefence of nuU 
gall, 

4. It dilfolves the oily matter of bile : but to facilitate this 
operation, it is necell'ary to dilTolve the two matters together in 
alcohol, evaporate, and wafli the refiduum in water. One' 
part of the faccharine aiui acrid lubilance diflblves only threc- 
tourth.'. of the oily matter. Now, as thefc matters arc nearly 
in equal proportipns in bile itielf, it mud be admitted that 
foda contributes toward.s the complete difToIution of the oil ; 
neverthelefs acids fcarccdy, if at ajl, a£Fc6i it. 

In leflefling on the above experiment and its refults, 1 con- Bile cnnHiIs of a 
eluded that bile was a triple compound of a little foda ^^^d 
much oily and faccharine matter ; that acids decompofed it ficcharlnc mat- 
but in part; in other words, that it was capable of containing 
anexcefs of acid wi. hoiit having its portion of foda neutralized. 

1 therefore calcined bile that had been acidulated wdlh fui* 
phuric, muriatic, and other acids, and found in each cafe the 
foda left in the calx : it is therefore very probable that tlie fac- 
charine matter, in conjunciion with the oil, decompofed m 
certain quantity of marine fait, and dcilroyed the power of the 
acid. 
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Betmoatetioo It would have! beett of little fisrWee to defcribe the coitfli« 
bUe^ ^ ^ proportkma been left unalbertained ; 

I have therefore endeavonred to determine them in the fdlow* 
{nf( anaijpiis ; 

Aiuiyits. . By mOint of nitric acid. 1 feparated the animal fobihmce, 
which ia^uppofed to be albumen, with a very fmall portion of 
oil : thia being foluble in alcohol and the other not, it wa;« 
eafy td afcertain the weight of each, I then precipitated all 
the oily matter, with acetite and a fmall excefs of oxide of lead : 
tht9 precipitate being mixed with the metallic oxide, I difTolved 
it in weak nitric acid ; after filtering the liqaor, I deprived 
it of the lead which remained, by means of fulphurated hy- 
drogen ; and by evaporation, 1 obtained the peculiar fubfionce, 
mixed, indeed with the falls of the bile, which bad rooilly 
undergone a change by the acetite of lead, and whofe weight 
had noted . 

I afeertained the quantity of foda by calcining 100 parts ex- 
traded from bile, and comparing with fnuch care how much 
thereiiduum would imbibe of add at 16^, with the quantity 
imbibed by pure foda. 1 alfo, by taeans not necefiary to flate 
here, obtained the quantity of ieach of the other falts con- 
tained in bile ; from all which experiments, made with the 
utmofi; care. 1 conclude that 800 parts of the bile of an ox 
contain— 

Numerical re- Water • * * 700 Parts 

Oily matter - - - 43 

Particular fubfiance - - 41 

Animal fubfiance - - 4 

Soda - - . 4 

Marine fait • - - 3.2 

Sulphate of foda - - 0.8 

Phofphate of foda . - 2 

Phofphate of lime • - 1.2 

Oxide of iron • ^ -0.5 

799.7 

iV. This calculation is deficient of the given q 

' Brie forms an interefiing fubjed for a number of other^re- 
fearches : the varieties to be found in the feveral fpecies of 
'animal!:, and which a multitude of circuihfianoes, particularly 
a morbid afiedion of the organ which fecretes it. may modifjs* 

5 tl»® 
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caldttli iirbich are there formed^ andaie of ft t>ee«iiftir;iii» 
tare $ Ihe oleagimms aod animal fubftances ; and that fMmtlfc 
cttUr itaftHer, diflferiag from all olhers hitherto boom ; w91 not 
fail to excite a lively int 0 reft« and are the fiibjed of fevcral 
other Papers which 1 purpofe ibortly to bring before the 
public. ' 


XIV. 

* 

istuotatitmfi'om Sir George Stauwton^s Emhajfy^ containing a 
Defiiription of Fire Works unknown in Europe. Propofed a 
Corrcjpondcnt with a View to obtain Explanation qf the Means 
hy which the^ were produced. 

To Mr. NICHOLSON. 

SIR, 

I prefumc to think it will accord with the general aim of your ttktrodu2!t!ant 
excellent collection to infert the following quotation ; and I 
indulge the hope that your compliance with my requeft for 
tliat purpofe may produce an explanation from fome of your 
ingenious correfpondents. 

I am Sir, 

Your conllant reader^ 

P. M. 

After tlie ballets, Fire-works were played off ; and even Rcmarkahl^ 
in the day-time had a ftriking effect. Some of the contrivances 
were new to the EnghUi fpe^ators. Out of a large box, among 
other inflances, lilted up to a confidcrabic height, and the 
bottom falling out as if it were by accident, came down a 
multitude of paper lanterns, folded flat as they iffued from the 
box, but unfolding themfelves from one another by degree^. 

As each lantern akfumed a regular form, a light was fuddenly 
perceived of a beautifully coloured flame, burning brightly 
within it ; leaving doubtful by what delufion of the fight thvlb 
lanterns appeared, or by what pl'operty of combuflible mate* 
rials they became thus lighted, without any communication 
from the oiitfide to produce the flame within. This devolution 
and developement were feveral times iepeaied,WAtb a difference 
VoL. XII-^DrcembeR; 1805. . T of 
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of iigare every time, at well as of the colours, witb-wfaich (tiO 
Chinefe feem to have the art of clothing fire at pleafore. On 
each fide of the large boXf was a correfpondence of fmaller 
boxes, which opened in like manner, and let down a kind of 
net work of fire, with diviiions of various forms, which (hone 
like burnifhed copper, and flafhed like lightning at every im* 
{Nilfe of the wind. The whole ended with a volcano, or 
eruption of artificial fire, in the grandeft ilile.'^i— Staunton^s 
Embajfy to China^ Volume III. page 73. 

On the Carbonate of Po^^Jh, £j/ “iWACHER*. 

Carbonate 4>f Chemists know that carl^uaSe' ^otafii well faturated, 
S(>^beformed*by ** efflorcfce, can only ly' >y ma*' Ing pafs through 

paffing thegas a cold alcaline folution a .ri' • carV ^cid fufiicient 
^kaline fbhition * fpontaneous r ^fiallization. on flopping the 

till itcryftal- difengagem^iit of gas at th , mom th^ earth of the 

b*”va*”ratioL appears to be depobted, i *■ »dting the liquor by a 

^ * mild heat, there are<“jly Ian- ’'a’s obtained, which 

fuon deliquefce. 

The gentle heat Alkaline ley warmed by h n tan ccording to the roe- 
of Curaudeau Curaudeau, d<»'' fuc*’: ^d any better in torm- 

'irtga well return ed alkal* j evapor?" n. I have experienced 
that gror/ / \ and tl /*hor himfelf acknow- 

ledges a del’ |u-.fcei?ce. 

WeMer't appa- It is gcnerall*- a,';reed, that . ;^paratus of Welter, da* 
^?c *t^^nd*fo ^ "jienty-fevenlh me of the Annalesde Chi- 

h that of Pelle* nnie, is too complicated, and <^;at of M. Pelletier has been 
ties* adopted in its place in aim' all laboratories, with fome al- 

terations in the dirpofition / thefirfl bottle, to which is fixed 
a tube with a double or triple perpendicular curvature, for 
the introdudlion of the and, or a long pipe of glafs terminated 
in a tunnel. The chalk mixed with water to the confidence 
of thin foup, is poured by degrees into this pipe, which is 
flopped by a glafs rod accordingly, and the gas is forced to 
traverfe the bottles containing the alkaline ley. 

* From the Annales de Chlmie, Tom. LV. 

This 
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This method is iti my opinion atteOded with much incon- T^reaCm 
^njence, for when a tube with mar/y .perpendicular flexures 
is ufedf it mufl be charged with a column of the fluid fufficienl 
to counterbalance the preflure of the catbOnic acid gas, and 
confequcntly to give an elevation which expofes it to be eafily 
broken { and when a long horizontal pipe of glafs is employedf 
it often happens that the chalk is exploded into the air, when 
the pifton is opened. 

Another method appears to be more timple and commodious Simpler method 
than this, wl, rh is fometliing like that of M; Brognatelli, but ® 
the Italiri’i di- .nift has not publiAied the details of his method^ 
wiilion* vvhich it is impodiblc to be followed. 

A kilogr jm of chalk in powder is to be put into a bottle with 
two or three necks, capable ct < ^ntaining ' 2 kilograms of 
water; on ibis is to be poiifed a litre of a mixturj oi one and 
a half kilogram of vilrielii- acid, with ^'hie kilograms ot fpring 
water . (h# ^ai is expelled, and a cruft of fulphate is formed at 
me furfatc of the calcaieous carbonate. At the end of two 
hours all the reft of the acid water is tw be added, and the 
bottle flopped quickly. Bubbles of the gas will be rapidly 
difengaged, but they will by degrees be difeharged more (lowly, 
and continue to Le fo moderately for twemy-four hour.-.; then 
the mixture is to be ftirred with an iron rod, and the gas will 
continue to be developed for 21 hours more, with little in-- 
lerruption. 

I found the term of the efforvefcence prolonged by toe re- 
flftance which was oppofed lo the aftic • **" (’ilphuric acid 

on the chalk by the deniity whicn If nation necelTarily 

acquired ; which denfity the tendency of tue fulphuric acid 
to augment the folubility of the fulphate of lime, fixed to pro* 
per limits. 

As my apparatus, with the exception of the firft bottle, is 
the fame of that of M. Pelletier deferibed in the fifteenth Vo- 
lume of the Annales, I (hall not fpeak of it, but only make 
the following reniarks: 

1. Pelletier was wrong in neglefting to ufe an intermediate 
bottle half filled with water : which is very necefTary to fepa. 
rale the fulphuric acid which the gas always brings over. 

2. The tubes of an inch diameter, being too difficult to be 
•bent, may be replaced by others of feven or eight lines aperture, 
which will do equally well. 


5- The 
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S« The alkidine IblaCfont made bf two lln.allcaft tolKKe*j(>i 
water, crySattim too qaick, and before the precipitation of 
thefileK. 

4, The dofeft of alkali and water moft fa\^oarable to a regu- 
lar cryflaltiaaiion, at the temperature of from 5 to 10 above 0 
of Reaumur, are one paA of difiilled water, and half a part 
of purified potafti. 

If the refults of my experiments (hall improve the prepare^ 
lion of carbonate of potafh, and if the difpofition of my appa- 
ratus prevents the neceflity of continually watching its direc- 
tion, by procuring without trouble that gentle and continued 
preffure, of which Pelletier perceived the efficacy for the fatu- 
ration of the alkali, I have rcafon to think that the true friends 
of chemidry, I mean thofe who pradtife it, will confider my 
obferyations with indulgence. 

XVI. 

Method of preparing a luminous Bottle, which long preftrves tts 

FJea.^ 

A luminous It is eafy. to prepare a bottle which fliall give fufficient ligbl; 
toU 'pie« of* night to admit of the hour being ealily feen on the 

phofphorus in a dial of a watch, as w^eil as other o'jedls, by the fbllowiag 

The fluid will ' A phial of clear white glafs, of <i long form, fliould be 
give light in the 2 tnd fome fine^ olive oil fliould be heated to ebullitioa 

whenever the another veifel : A bit of phofphorus, of the Qge of a pe% 
coik Is pulled fliould be thrown into the phial, and the boiling oil fliould 
then be carefully poured over it, till tb^ phial is one-third 
filled : The phial fliould then be carefully corked; and, when 
it is to be dfed, it fliould be unflopped, to admit the external 
aif, and clofed again: The empty fpace of the phial will 
then appear luminous, and give as much light as a dull ordih 
nary lamp. Each time that the liglit difappears, on removing 
the flopper ik will jnftanlly re-appear. It is proper to ei> 
ferve, that in cold weatljcr it will be neceflary to warm the 
bottle for a little while in the hands before the floppei: is re- 
moved, without which precaution it would not yield any light. 

* Sonini's Journal. 


A phial 
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A phial thus prepared may be ufed evpry night for fix 
months: there is no danger of fire from it^ and its coll is very 
fmalL 
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4nalyfvs qf the Magnefian Earth of Baudijfero in Canavais fin 
the Department of the Loire,) knoxm by the Name qf Porcdain 
Earth, and hitherto conjidered an a CUty . By M. Giobskt.* 

nr HE earth of Baudiflero^ known by the name of porcelain Porcelain earth 
earth, has been hitherto confidered as one of the purefi “nn.. 

Jaceous earths known in the hifiory of fofiils, and is arranged 
in our cabinets or* aiinerals as native alumine. 

In a manufacture of fione-ware potteryi which has been Ufed as fuch ta 
eftablifiied at Vineuf, this earth hasten uCed for a long time, 
as a clay of extraordinary parity. The celebrated Macqaer, 5^.*^ 
and with him Baumc, to w'bom fpecimens of this earth were 
ient from the above manufacture, pronounces pofitively that it Vanouschemiila 
was a clay of fuperior quality to that which they ufed in the 
manufactory of porcelain at Sevres. 

Doctor Gioanetti continued to ufe it in the manufadore of 
his fine porcelain at the fame Vineuf; and he engaged iot if 
nut an analyfis, at leaf! fume experiments on this earth, to af« 
certain more precifely the proportions in it between filex and 
earth, which he believed to be pure alunien. Thefe experi* 
ments convinced DoCtor Gioanetti, that, with the exception 
of a little carbonic acid which he foand in^ it» the earth of 
Baudifiero was an alumen almofi perfectly pure, oraileafithe 
purefi that he had ever met w'ith. * ’ 

This chemifi, when I made enquiries of him relative’ to ‘Tli* 
this earth, aflTared me frequently, thut picked pieces yielded mt. ^ 
him fometimet ninety per cent, of aluibeii, indiiding. a little 
carbonic acid, aLd that in the grofs it yielded cqnftantly at 
leaft 80. 

' On the perufal of themineralogical defeription of themoun* Other authori*- 
tains of Canavais by the Chevalier Napion, it will befeund*^* 
tl^t this cllimalde mineridogifi has not hefitated to declare the 
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earth of foddiflero to be the mod pure alumen ever found in 
f iedmont ; aiid again in his element^ of mineralogyi he men* . 
tions the earth of Baudiflero as native alumen. 

Contrirytotheft pofitively aflerted by feientific men fo eftimable as 

aflertions this Maquerj Baume« and our colleagues Gioanetti and Napion« 
Snl acTSuSne np doubt Of the qaturp of this earth ; to which au<. 

•call. thorilies might be added the fuccefs with which Gioanetti con* 

liantly ufecTit in his porcelain manufadture. 

Among a number of refearches which I made relative to the 
artidcial fiibricalion of fulphate of alumen, I employed rnyfelf 
on this earth, and to my great furprize found that the earth c^f 
Baudiifero not only was not pure alumen^ but did not even 
contain an atom of it. 

Jimnenfe qutn* Raudiflero isfituated at lead three leagues from 

titles of fulphu* Ivree and from Brozo, this lail village^ as celebrated for its 
lUq^^era iron mines as for the manner in which they are wrought, con- 
* tains in a mountain, among other minerals, an inexhauilible 
mafs of fulphuret of iron of a remarkable purity, where there 
U edablilhed a manufadlure of fulphate of iron by the com* 
bullion of tlie fulpbur. 

Bflim/cenceof On infpedling this manufadlure lad year, I was druck with 
the neighbouring the ilngularly powerful adtion, which the fulphureous acid^ 
formed by the combudion of the fulphur, (and of which a part 
irapouri. expandeci itfelf to peigbbouring places,) exercife^ on the 
great blocks of done, 

' Thefe dones were a fort of granite fehidus ; and the ful* 
phureous acid attacked them fo forcibly that it made them ex- 
foliate, and at lad reduced them to a fpecies of efflorefcence^ 
dr white powder evidently faline, in which its adringent tade 
gnnounced fulpliate of alumen, 

Ffobabinty that circumdance made me think that if a good argil was 

fulpluW of alu. expofed to the adlion of t^e acid it would be alumenated ; and 
the earth of Baudiifero, which I believed to be almod pure 
tageoufly made alurpeu, being at fuch an incqnfiderable didance, made me 
conceive tbehppeof being able to edablilh with economy at 
Piedmontj a manufa^ure of artificial fulphate of alumen. 

Very premifiog The idea of this edabliQiment appeared to me to befo muck 
|oc4sdVanugti. fortunate as there was at the foot of the feme rnoun* 

tain which contained the pyrites^ a great turbary, which ex^ 
tended almod as far as Chinfclla, that is to fay, almod to 
Jgaqdiilero, and wUch might foruifli fuel ad a very fmall 
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fmfei «lid K (eemed to me (hat nature, in placing At one fide 
an tnethauftible mine of fulphur, and at the other ine&bauft» 
ible mafies of the proper earth of an extremely rare purity, 
and between them an abundant fupply of fueb of the fort 
nod proper for this kind of work* had done its utmoil in h- 
vour of the efiablifiiment I intended. 

There only remained to make Come experiments with a view Esperlinents 
to afcertain the rood profitable way of proceeding; and to 
examine principally if the iron which is united to the fulphur 
in the pyrites, would not be injurious to the fulphate of alur 
men obtained. 

With this defign I began by examining the afiion of the earth 
of Baudiflero on the fuiphate of iron, and the quantity of Ihp 
earth neceflary for the decompofition of a given weight of ful- 
phur. 

In the different experiments the fulphate of iron difiblved The earth of 
in water, and boiled with (his earth indifferent 

became evidently decompofed after boiling for lefs than a quar- phate of iron ta 
ter of an hour ; the iron was precipitated of a blackifii grey, 
while the folution was colourlefs, and ammonia dropped into was added an4 
it formed only a very while precipitate, which did not an- ^he liquor fet 
nounce much iron : I filtered the liquor, of which one part ^ * ***’ 

ws|$ mixed with a little potafii, and placed fo as to cr)fftalize ; 
and to afcertain whether th^re was any potafh in the earth of 
Baudifiero, I fet another part to cryffalize without any alkali. 

1 obferved that the liquors cryfiallized immediately after be- fulphate 
coming cold ; but in the place of ofilahedrons, 1 found the ot magnefia andl 
moft perfect, (he mofi beapliful, and pureft cryfials of fulphate ***“"** 
of magnefia. 

The liquor which remained produced, on a new evapora- All the cryftals 
tion, the fame pure cryfials of fulphate of magnefia; 
did the fame on fuccetfive evaporations and cryfiaiizations to magnefia » an 
the laft drop of the liquor. Ip this manner was a natural alu- 
men transformed entirely intq magpefia, ^nd at (he fame in- 
, fiaqt magnefia became at once an excellent porcelain earth. 

If examples of this kind fliould multiply, the neceffity of che- 
mical analyfis for the knowledge of fotfils will become more 
and more manifefi, and lefs reliance will be learned to be 
placed on their ^external and phyfical charafiters, wbi9h at prq- 
fept feeins to me to be too mimh s^ufed. 

The 
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liM careful th€ afeovft OMcp^a^d rtffahi engaged me to ntfllm emih 
tSe^tl^ of tibe etfrth of BtitdiiTcro, and #bidi is 

4heol!$eft of this tn^oln 

' At the time when I foind thst the foppofed afumeH of Bee* 
dfCTeiH) in Cenavais^ was really e niagnefian earth, 1 knew ef 
no other example of an earth truly mragnefian, bat that of the 
earth of SaliboHe, or of Sommieresi which Berard hod made 
knOnm ^(Jnnaki de Chimie^ Tome XXXIX. p. 6.5.) 

Other fpecimeni this magnefian earth there is no mixture of vmy other 
-earth except filexi and that in a very fmall proportion, of 
which fa6t there are but few examples. But on receiving the 
tvrelfth volume of Brochant’s Mineralogy, 1 found that the 
difeovery of a magnefian earth was announced in k, which is 
the native carbonate cd* magnefia foand by Do^or Mhchel at 
Roubfehitz in Moravia. From the analyfis which he made of 
it, and which is mentioned by Brochant, we are afiur^ that 
the native carbonate of magnefia of Moravia is compofed only 
of magnefia and carbonic acid in almofi equal parts; but the 
yetlowifii grey cclovr Q>otted with black, which Doctor Mit* 
chel gives to this earih, feems fafiiciently to indicate the ex- 
ifienoeof fome other confiitueiit parts. On comparing the 
characters and nature of the magnefian es^tb of Baudiffero, it 
will be eafy to perceive the differences which diffinguifh it 
from the other preceding magnefian earths, 
locjdfituationof The magnefian eCrth of Baudiflbro is found difpofed inn 
vein in a ffeatite rock, of which the mountam is cbhipoled 
tliat enclofes «l. It is* accompanied by an hom-ffone, fome- 
tliines of a tranfparenl pale colour, fometimes, when its de- 
compofition commences, of a white almofi opaque. In this 
Hate the horn-ffone does not appear to be that of which Doctor 
Bonvotfin has given the defeription and analyfis, under tfao 
natno of the Hydropbane of Piedmont. 

Our magnefian earth appears in mafies, fometimes in round- 
i(h lumps (matnelonads) and fometimes in fragments more or 
lefs large; the lumps and firagmehts are fometimes, bat rarely, 
tuberculofo. 

This earth is of the moff beautiful white, in which it differs 
from that of Moravia, of which the colour is a yellow ifti grey 
fpotted with black, ai^d from that of Salinelle^ or of Sommi- 
pfes^ which is of a chocolate colour. 


the earth of 
^audifiero. 


It la ^und sa 
inafles, tumps, 
pr fragments. 


Beautifully 

white. 
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The lia^ditefs of this earth ia vttrraUe» feMlinsea It i» fcft, Soft orharjlfli'^ 
{h whidi fliate I HiaH call it the eaf% fort^ aitd fotme 
k have a confiderable hardoefs ; as ih all mf eaperhuents I 
fried them comparatively, I ftisdl aame ibis left variety (he 
kind, to diftingui(h it from the preceding. 

The ftony variety is fcralched by fieeT> fometimes, on the 
contrary, it h hard enough to TdraCch fleet. It can be eafily Pohcrahte, 
reduced to powder; but with much difficulty to very fine pow- JJ^nwrln^tha^ 
der, and this only takes place after long trituration in a mortar air. 
of porphyry. Its hardnefs neither indreafes nor drminilhes by 
(he action of the air; in this refpe^t it dificrs from the magne- 
iia of Moravia, which is very friable, and from that of Sali« 
nelle, which is foft in its bed, and only grows hard on exfic- 
cation in the air. 

The fra 6 ture of this variety is concholdal and unequal. Fraflurecon^ 

Its furface is dull ; fometiraes, but very rarely, ftiining fpo(s 
appear. It is conftanlly peffe€lly opaque, and moderately moderately * 
heavy ; its fpecific gravity is variable. heavy. 

It is a little iin£tuoas to the touch in the liable and earthy Slightly unfta* 
fort, and but very little fo in theflony variety. • •“* **«* 

It ienfibly adheres to the tongue, though not much ; it ac- ^ 
quires this property in a confi^rable degree when it is mo^ 
derately warmed at the fire. 

Plunged in water, the flony variety does not abforb it at all ; The Toft fpeci* 
the friable fort abforbs it greedily, arid with an hifling, but the '”‘^"* ***^*‘**. 
mixture does not grow hot. like clay. 

The friable fpccies mixes with water to a confiderabte de- 
gree, in the fame manner as clay ; the fine pftriicles of this 
earth, like thofe of clay, continue a long time rufpended in 
water, with this difference from thofe of clay, that they do 
not unite together. Urged by the blow-pipe, on a cianileAre notfufible 
cryftal, it is infuCble. pi *^*®'^* 

Treated in a mafs, on the fire in a crucible, efpeciaily in a 
red hot crucible, it foon decrepitates, and divides into thick 
Italy pieces, whkh leap out of the crucible; this ctoes not 
happen if it Is heated by degrees and moderately. 

If it is reduced to a fine powder, and then trailed on the But apparently 
fire, as foon as the bottom of the crucible begins to grow red * crucible* 
hot, this earth boils for a llrort time, and feems to unite tqge* 
tjiier, 1^1 if moderately moiflened. 

Aft 
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Wit)i lots of one An Imndred parts of this earth treated in this manner, untit 
feventk. boiling ceaTes, after an hour of incondefcence, became rem 

duced to 65, and 0«40* The earth calcined in this manner 
throws out that blueifh light which has been obferved from 
common magne(ia« 

Giving out car- If the calcination is made in a retort of earthen warct to 
^Aic acid* which a fyphon is adapted, and plunged into a bottle filled. 

with lime wateri there Is formed in the bottle carbonate of 
lime; fo that the diminution of weight is partly due to the dif> 
engagement of carbonic acid. 

tr'contains a A thoufand grains of this earth in fine powder were boiled 
fu^hate pounds of diftilled water. The liquor being ftitered, 

eflTayed by various reagents, prefented the following 

refult«. 

With the folutions of the acetate, nitrate, and muriate of 
barytes, the mixture became troubled almoft inHantly, and 
formed a fediment of fulphale of barytes, but jn a very foiall 
quantity. 

The oxalate of ammonia formed oxalate of lime with it, 
but alfo in a very fmall portion. 

Thefe experiments repeated diflTerent times on the earth 
both of the (lony and friable varieties, ponftantly gave the 
fame rcfults. 

Lime and fulphuric acid, or fulphate of lime, is therefore, 
although in a fmall degree, a conftiluent part of the earth of 
Baudiflfero both in the (lony and foft (late. 

A minute por- The nitrate pf filvcr formed a precipitate equally with both 
tion of muriatic fo^is ; but remarkable differences were obferved between its 
prcfenT^\'hc'** water from the ftony fpecies, and on that from 

ftony variety, the foft variety ; with the latter it formed a precipitate, which 
colleded in a powder at the bottom pf (he glafs ; but with 
the water from the ftony kind, belides the precipitate, fila- 
ments were produced cpnfianilyi which indicated the prefence 
of muriatic acid. Many tiroes the V fulphuric acid*’' wa^ 
ftrft removed by the apetate of barytes, and after filtration, on 
being treated with the nitrate of filver, ftill fprmed a precipN 
tate of muriate of iilver. 

* It is not clear what the removal of the fuipfiuric add mtmtioneA 
here had to do with making the appearance of the muriate ofjihoer 
extraordinary ; perhaps it ts an error in the original ; the franP* 
llCian is literal and correft. B. 

3 Thti 
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. Tlie tnfufion of the (lony fort afforded differences from the 
Other, with ammonia alfo; this reagent did not ever trouble 
jthe infufion of the friable fpeciesi but always troubled, though 
Uighlly, the infufion of the Sony variety. 

It follows from thefe obfervations that, befides the fulphate 
of lime which both kinds of the earth of fiaudiffero contained^ 
the ffony variety held in union muriatic acid, perhaps in com* 
bination, partly with the lime, which there was not fufficient 
fulphuric acid to faturate, and partly united to another earth, 
which was not lime, fince its folulion permitted itfelf to be 
decompofed by ammonia; and it will appear that this earth 
was magnefia. 

The fulphuric, nitric, and muriatic acids attack this earth, 'The ancient mi- 
when it is well divided into an extremely fine powder. tock\ws*naave 

Their action however is but little apparent, but bn the lead earth, 
addition of heat it becomes flrongly maiked. Very fmall bub- 
blies of gas, which rife from the bottom of the liquor, a flight 
white fcum which forms itfelf at the fiirface, and a fmall hifU 
ing, (hews plainly that there is a difengagement of an aeri- 
form fluid or cffervefcence. 

When the earth has been previoufly calcined in the fire. With great force 
their a£lion is very different. There is not, as may be fore- 
icen, any effervefcence ; but the mixture grows hot, to that 
degree that a true ebullition enfues; in fome minutes the mix- 
ture alTumcs a fob J form, caufed by a kind of jelly produced 
by it. 

The acid which has the grealeff adtion on it is (he muriatic muriatic 
acid, and after this the nitric, and the fulphuric acid after both, 

This lad however does not dilToive without much difficulty the 
whole of the foluble part, and that after a long continued 
ebuliilion. 

The foiution made in the clofed veffels difpofed fo as that the 
gas may be received, forms with lime-water carbonate of lime, 
which confirms the difengagement of a little carbonic acid be* 

{bre indicated by * he calcination of this earth in the dre. 

The folutions of this earth in the acids are perfe^ly coloRr* 
lefs. 

The prufliale of Hmc or the oxalate of aiAmonia do not at 
all trouble them. 

Ammonia forms with them an abundant precipitate. Ammonia gre- 

cipitatea the fo» 
* lutkMi ai does 
Ukewifethe car* 
hoMteofpouib* 
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But not If fa* 
turatsd with c. 
acid. 


The earth is 
f me maguena. 


As is fhcwn by 
the fulphatc. 


fnibluhle refidue 
•r iiiex about 
one 6tb. 


Component 
parts recapitu* 
lated. 


The' common unfattirated carbonate of potafli forms alfo a 
precipitate with them. 

When this carbonate ceafes to (rouble the liqaor, and that» 
after being left to fettle and being filtered, the clear liquor is 
fttbmhted to ebullition^ it becomes troubled again and throws 
down a fecond time an earthy precipitate. 

Finally, if inflead of the unfaturated carbonate, the car- 
bonate of potaOi^ well faturated with acid is ufed, there is not 
the leafi precipitate formed. 

Experiments, which I will relate^ fhew not only that the 
earth didblved by the acids is magnefia, but that there is not 
mixed with it (he lead particle of lime, whicli can be difeovered 
by the oxalate of ammonia, that there is no trace of alumen 
ill it, which the faturatca carbonate of potafh precipitates, 
and does n^t again diffolve; that it does not contain the lead 
oxide of iron, that can be indicated by the \ ruiiiate of lime ; 
and finally, that it is magneda perfe6liy pure. 

Thisrefult is farther condnned hy the fuiphate of magnefia, 
which the cryftallization of the (blution of this earth in ful- 
phuric acid yields exclu lively. 

The acids in difiblving this earth leaves areiidue, the qiian.- 
tity of which Teems to be variable^ that which tlie fulphurio 
acid leaves is condantly more than what is left by the muriatic 
or nitric acids. An hundred and twenty grains of (his earth, 
after being well lixiviated in pure water, left a refidue of 
which the weight, in the different experiments w'hich I made, 
did not ever exceed 17 grains, and never was lefs than 
The deny variety was that which in general gave the rood 
of this infoluble refidue. Many experiments, which I have 
made, and which it would be ufelefs to repeat here, have con^ 
vinced me that this refidue is perfedlly pure filex. 

. The earth of BaudilTero, from the preceding experimentst 
confids. entirely of magpefia with a liule carbonic acid, rfmall 
quantity of (Ilex, and a very minute portion of fuiphate of 
lime, with, in the dony variety, fome traces of of 

mi^gAefia. 

' (To h tonckded in tk Supflment*) 
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Bxperiments for q/certaining how far Telefcopes will enable us 
to detetftdne rtry fmall Angles, and to difiinguijh the real from 
ihe^fpurious Diameters of cetejiial and terrtftrial OhjeSls : with 
an Application of the liejklt of thefe Experiments to a Series of 
Obfervations onthe Nature and Magnitude of Mr, H a r d i n c 's 
Uaely difcovered Star. By William Hekschel^ L% L D. 

F. R, S. Abridged from the Phil. Tranf, 1805. 

TThE difcovery of Mr. Harding having added a moving £nqii1rf at 

celeftial body to the lift of tbofe that were known before. Dr. 

Herfchel was deilrous of aicertaining its magnitude : and as which the eye 

in the obfervations which it was ncce^ry to make he intended a telefc^c 

^ can determine 

chiefly to ufe a ten-feet refledtor, it appeared to be a defidera- the figure of an 

turn highly worthy of invedigatign to determine how fmall 

diameter of an obje6l might be (ecn by this inflrument. It is 

known that a very thin line may be perceived, and that obJe6ls 

may be fecn when they fubtend a very fmall angle ; but the 

cafe he wanted to determine related to a vifible dilk ; a round* 

well defined appearance, which might without hefitation be 

affirmed to be circular, if not fpherical. 

In April of the year 1774, the Do6lor determined a fimilar The author'e^ 
queflion relating to the natural eye : and found that a fquare 
area couJd not be diflinguiflitd from an equal circular one till guifh a fmaller 
the diameter of the latter came to fubtend an angle of 2' 17". 

% 17 ^ *1001 9 O 

He did not think it right to apply the fame concluiions to a equal fquaie* 
telcfcopic view of an obje6t, and therefore liad recourfe to the 
a feries of experiments. 

The firft courfe of experiment, was made with the heads of E«pcriments 
pins deprived of their polifli by tarnifhing them in the flame of ^opc :**tlw ob- 
a candle. The diameters of the heads were meafured by a je As were pin's 
microfcopicprqjedioni wilh a magnifying power of 80. Thefe ****^*‘ 
meafures were fo f xa£t, than when repeated they feldom dif- 
fered more than a few ten thoufandths part of an inch from 
each other. The focal length of the mirror on Arclurus is 
119,64 inches, but on thefe objeds 125,9, and tlie dillance 
was meafured with deal rods. 

And the refult of this experiment was that an objed having 
a diameter ,0425 could be eafliy feen in the author’s ten-foot 
telefcope to be a round body, when the magnified angle under 

which 
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ifvhich it appeared was 2* ld'^9t and that with a high power 
(522) a part of it, fubtendingan angle of may be con« 

veniently perceived. 

When the purpofe of this experiment, was confidered, the 
rcfult was not founcj fufficient to anfwer the intention i fof as 
the iiae of the objeA required the ufe of a low power, a doubt 
arofe whether the inftrument would be equally dilfinft when 
a higher thould be required. To refolve this queftion, it was 
fiecelTary either to remove my objects to a greater dtftante, 
or to make them fmaller. 

With globules 2. Small globules of feal!ng*wax were therefore made by 
0 fealina«wax. jjppjj^g point of a fine needle, a little heated, into it, 
which took up a fmall globule. To prevent feeing them at a 
diflance in a different afpedt from that in which they were 
roeafured under the microfeope, the needles were fixed with 
fealing-wax on fmall flips of cards before the meafures were 
taken. 

By this experiment it was found, that with a globule To fmall 
as ,00763 of a fubflance not refledling much light, the mag- 
nified angle muft be between 4 and 5 minutes before we can 
fee it round. But it alfo fliewed that a telefcope with a fufii- 
cient power (522) will (how the dilk of a faint ohjedl when 
the angle it fubtends as the neked eye is no more than 0'\653, 
Globides of fil- Tlie third experiment was made with globules of fil ver. As the 

objedls made of fealing-wax, on account of their colour, did 
not appear to be fairly feledted for thefe invefligalions, a fet 
of fil ver ones were made. They were formed by running 
end of filver wires, the 305th and 340th part of an inch dia<« 
meter, into the flame of a candle. 

By this experiment it was found that the telefcope adled very 
well with a high power (522), and will (how an objedl fub- 
tending only 0^',484 fp large that it may be divided into quar- 
ters of its diameter, 

Sxperiments The fourth experiment was made with globules of pitch, 

with other gio- bcc^s-wax, and brimftone, and did not prove fo generally ad* 
bales, and with , , . , 1 , , . , « « . 1 * 

iilver at greater vantageous as thofe With ulver which reflected more light. 

di/Unces, &c. And a fifth and fixth experiment was made with the filver 

globules at greater diftances; and by illuminations at night 

by the flame of a lamp of which for brevity the particulars are 

here omitteda 

The 
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The author then proceeded to make dire6t obfervationi oa 
the fpurious diameters of celefiial bodies> from which he de* 
duces the following refults i* 

(1 .) As the diameters of fixed ftars are undoubtedly fporioos. Spurious diimc« 
it fellows that, with the ftars, the fpurious diameters are larger 
than the real ones, which are too fmall to be fecn. real. 

(2.) From many efiimations of the fpurious diameters of the Si*es arc the 
liars t it follows, not only that tliey are of different fizes, but cumVanc«^^ 
alfo that under the fame circumtlances, their dimenfions are 
of a permanent nature. 

(3.) By this and many other obfervations it appears, that and eolourt. 
the fpurious diameters of the liars are differently coloured, 
and that thefe colours are permanent when circumllances are 
the fame. 

(4.) By many obfervations, a number of infiances of which They are lefa 
may be feen in Dr. Herfchel's catalogues of double liars, their ** 
Ipurious diameters are leffened by increafing the magnifying 
power, and increafe when the power is lowered. 

(5.) It is alfo proved by the fame obfervations, that the but not propor- 
increafe and decreafe of the fpurious diameters, is not inverfely “®®®**y* 

^s the increafe and decreafe of the magnifying power, but in 
a much lefs ratio. 

(6.) The magnifying power a£ls unequally on fpurious dl- Small ftars are 
ameters of different magnitudes j lefs on the large diameters, 
and more on the fmall ones. 

(7.) When the aperture of (he telcfcope is leffened, it will Lefs aperture 
occafion an increafe of the fpurious diameters, and when in- fp]* 
creafed will reduce them. and fmali ftdts 

(8.) It alfo fliuws that the increafe and decreafe of jy'^hfehange^^^ 
unequal fpurious diameters, by an alteration of the aperture 
of the telefcope, is not proportional to the diameters of the 
liars : 

<9.) But that this alteration aAs more upon fmall fpurious 
diameters, and lels upon large ones. 

(10.) From this we find that liars, when they are ex- Very fm *11 ftars 
tremely fmall, lofe their fpurious diameters, and become lie- 
bulous. 

* On this fubjcA f e our Journal, Vol. VI. p. 15, and Fig. 1, 

?late IV. 

t Sec Catalogue of double Stars. Phil. Tranf. for 1782, p. 115; 
and for 1785, p, 40. 

(U.) Many 
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OOieiieiitiei |l !•} Mmj Other GAi^ will have an influence on thea])^ 
pwreot dimeter of the ^rious diikf of the flaer, fueh si 
goodnefs of the fpecula and lenfei ; but they are fo far within 
the veoch of our knoiirledgey that with a proper regard to 
theex, the concluflon he has drawn in Rem* (2.) that un4> 
der the fame circumflances their dimenfions are permanent/^ 
will fiUI remain good. 

Similar experiments were made on the fpurlous diameters 
of terreflrial obje6lS| namely filver globules, which atforded 
the following reiults : 

SpurlovfAiAs (1.) The terreflrial fpurious dilks of globules are lefs than 
real diflcs; whereas wc have feen, in Remark (1.) ot‘ 
tetldilks* cdeflial fpurious diiks, lliat ihefe are larger than the real 

ones.* 

Larger teigfii- globule has the largefi fpurious difk. iThis 

tttdet give laifer agrees with the fpurious dilks of cejefltal objects ; (he flars of 
^ ^ fecond, and third magnitude, having a larger fpurious 

difk than thofe that are of inierlor magnitudes, 
cotottiedfike the (3*) With refpefl to colours, ibe terreflrial alfo agree with 
celeftlal & 


Lefs vrith 
Sweater mag< 

gOWCTi • 


Butnotpropor- 

tioaBUj* 


Pvmtr ads 
■lore on fmall 
than large fp« 
diiks, 

•nd diminution 
of aperture j 


greater on fnnH 
diiks* 


the celeflial fpurious difks* 

(4.) The fpurious diameters of the globules, like the rpih> 
rious difks of the flars, are proportionally l^fTened by iiw 
creafing the magnifying power, and increafed when the power 
IS lowered. 

(5.) When the eflimations are compared with the powers, 
it wtU glib be feen that the increafe and decreafe of the fpu- 
nious diiks of the globules is not inverfely as the powers, but 
in a much lefs ratio* 

ffl.) The efiedt of magnifying power is unequally exerted 
on fpurious diameters ; and that, as with celeflial objedls, fo 
with terreflrial, this powdr adts more on the fmall fpurious 
difks than on the large ones. 

(7.) The fpurious terreflrial difks allb refemble thofe of the 
flars, by increafing when the aperture is leflened, and dck 
creafing when n is enlarged. 

(a.) By theCe experiments it is proved, that the increaie 
and decreafe of the diameters occafioned by different aper* 
tores is not proportional to the diameters of the fpurious diiks. 

* It appears from the context, that this arifes from the terref* 
trial fpurious diflea being formed by tlie fmall fpot of reflefled light 
from the metallic globule, and not from its whole diameter. 

5 (9.) Bu 
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(9.) Bul (hat (he change of the apertures ads mord Oh tho 
Coomlif and lefs on (he large ones. 

(10.) The fpurious diiks of globules are loft for Want of Tbefe diiks sre 
proper illumination, but do not change their magnitude on 
that accojinU The brightnefs of the atmofphere in a fine day Ughu 
is fufficient to produce them ; though the illumination of the 
fun is generally the principal caufe of them. 

(il.) The diameters of fpurioiis diiks are liable to change 
from various caufes ; an alteration in the direction of the illu^ 
mination will make the refle6tion come from a different part of 
the globule, which can hardly be expected to be equally po- 
lithed in its furface, or of equal convexity every where, being 
very feldom perfectly fpherical ; but as upon the whole the 
figure of them is pretty regular, the apparent diameter of the 
fpurious diiks will generally return to its foirmer liee. 

Globules of mercury were ufedinfteadof thofe of lilver, und Mercurial gto- 
with the fame refults. 

The fpurious terreftrial diiks were then meafured by com- Meafurement of 
paring them witli circles on a tablet : and it was found that a 
variation in their illumination did not affect their magnitude, diftinguiihed 
It was alfo found that the rays from the central part of 
mirror gave a larger image than thofe from its circumference, central, and 
So that when a central aperture of three inches gave an image then an 
Gorrefponding with a circle of 0.4-65 inch, an annular opening ar^ 

from 6.5 to 8.b inches gave only 0.1 8 inch for the image : and the Tccond di- 
the experiments were fuflicienlly varied as to the magnitudes ™*”*^®* thtm* 
and lituations of the apertures to lliew that this difference did 
not arife from more or leis light. 

This property of the mirror (erves admirably to diftinguifh a Trials, 
fpurious diik from a real one ; and proved to be fo on trial with 
terreftrial and celellial objefts. 


Qbjbrvations on the Nature and Magnitude of Mr, Mar dingus 
lately difeovered Star, 

On (he day Dr. Herfchcl received an account of Mr, ObferVatloni on 
Harding’s new ftar, which was the 24-ih of September, he 
directed bis telefcope to the calculated place of the new objedt, 
and noted all the fmali ftars within a limited compafs about 
it. They Were then examined with a diftindt high mag- 
ntfying power; and fince no difiercncc in their appearance 
VoL. XII.---DECEMBE&, 1805. U W9M 
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OUenratSoni on wm perceifdbje^ U heca«^ neceflary to attend to the changes 
1i» planet Juno. migbl happen in the Btualion of any one of theai* They . 

were deltneat^ as in Fig. 1 , (Plate XIV.) which is a mere eye- 
draiigbt, to ferve as an elocidation to a defcription given with 
it in- the journal; and the (tar marked k, was the new 
object 

Sept. 29. Being the firfl clear nighty he began a regular fertes 
of obfervatiotls: and as the power of determining fmall angles, 
and diftin^tnefs in diowing minute ditksf whether fpurious or 
realj of the indrument he ufed on this oecaiion, had been fufh- 
ciently invedigated by the foregoing experiments, there could 
be no difficulty in the obfervation, with refources that were 
then fo well underdood, and have now been fo fully afcer- 
tained. 

** Mr. Harding’s new cdcdial body precedes the very 
fmall dar in Fig» 3, between 29 and 33 Pifcium, aixl is a 
little larger than that dar ; it is marked A. fg h are taken 
from Fig. 1. I fappofe g to be of about the 9ih magnitude, 
fb that the new dar may be called a fmall one of the 8th.” 

With his ten4eet redeflor, power 496.3, he viewed it atten*^ 
lively, and comparing it with g and h, Fig. 3, could find no 
diderence in the appearance but what might be owing to its 
being a larger dar. 

By way of putting this to a trial, he changed the power to 
879,4> but could not find that it magnified the new one more 
than it did the dacs g and A. 

I cannot perceive any difli ; its apparent magnitude with 
this power is greater than that of the dar g, and alfo a very 
Uttle greater Uian that of h ; but in the finder, and the nighl- 
glals g is confiderably fmaller than the new dar, and h is alfo 
a very little fmaller.” 

He compared it now with a dar which in the finder appeared 
to be a very little larger; and in the telcfcope with 879,4 the 
apparent magnitude of this dar was alfo larger than that of 
the new one. 

** As far as I can judge without feeing the aderoids of Mr. 
Piazai and Dr. Ofbers at the fame time with Mr. Hardkig’s, 
the lad mud be at lead as fmall as the fmalled of the former, 
which isSliat of Dr. Oibers.” 

. The dar A, Fig. 1, obforved Sept. 24, m wanting, and was 
^iberefore the objed 1 was ia fearch of, which by compatation 
lUiud have been that day in the place where! faw it.” 

S **Th 
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The new fiar bcio^ now in the meridian wUh all thofe Ob|trvatM& <n. 
*io which I am comparing and the air at this altitude ‘^?**“**^J*“^* 
being very clear^ 1 Hill find appearances as befdre delcribed.: 
the new objed cannot be diflingaifhed from the 6m by 
magnifying power« fo that this celeflial body is a true af- 
leroid/^ 

. . Mr. Bode’s flars 19, 25 and 27 Ceti are marked 7m, and by 
comparing the afleroid, called Juno, withthefe flars, it has the 
appearance of a fmall one of the 8 th magnilnd^. 

With regard to the diameter of Juno, the authpr remarks 
that had it been half a fecond, he mud have inflantly per- 
ceived a vifible difk. Such a diameter, when he (aw it magni- 
fied 879,4 times, would have appeared tinder an angle of 
7' 19^',7, one half of which) it will be allowed, from the ex- 
periments that have been detailed, could not have efcaped his 
notice. 

061. 1. Between flying clouds, the afleroid wasfeen, which 
in its true flarry form has left the place where it was feen Sept. 

29. It has taken the path in which by calculation it was cx- 
.pe£led to move. This afeer tains that no miflake in the dar was 
made when lad obferved. 

06t 2, 7^. Mr. Harding’s aderoid is again removed, but 
is too low for high powers. 

8^ 30'. Viewed it now with 220,3 288,4 410,5 496,3 and 
879,4. No other diik was vifible than that fpiirious one which 
fueh fmall dars have, and which is not proportionally mag- 
nified by power. 

With 288,4, the aderoid had a larger fpurious difk than 
a dar which was a little lefs bright, and a (mailer fpurious 
diik than another dar that was a little more bright. 

061 5, with 410,5. Thefitualion of the aderoid is now as 
in Fig. 4. Us difk, whicli is probably the fpurious appearance 
of flars of that magnitude, was compared with a larger, an 
equal, and alinaller dar. It was lefs than the fpurious diik 
of the larger, equal to that of the equal, and larger than that 
'of the faaaller dar. The gradual dlfierence between the three 
flara is exceedingly (mal!. 

«< With 406,3, andiheatr uncommonly pure and calm, I fee 
fo well that I am certain the diik, if it be not a fpurtous one, 
is lefs than one of the fmalled globules 1 faw this morning in 
the tree.'* 


U2 
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«i The diameter of this globule was ,02. It fubtended ah ahglei 
"®*of 0'',429, and was of fealing^wax had it been a lilvcr one; 
it would have been (till more vifible. 

With 879,4. All comparative magnitudes of the alteroid 
and ftars, remain as with 496,3. 

The minute double ftar q Ophiuchi * was feen in high per- 
feAion, which proves that the air is clear, and the telefcope 
in good order* 

The afieroid being now in the meridian, and (he air very 
pure, the comparative diameter feems a little larger than that 
of an equal Aar, and its light alfo differs from Aar-light. Its 
apparent magnitude, however, can hardly be equal to that of 
the fmalleA globule obferved this morning. This globule roea- 
fured ,01358, and at thediffance of 9C20,4 inches fubtended 
an angle of 0^214. 

When the aAeroid was viewed with 879,4, more hazinefs 
was foiind than an equal ffar would have given : but this the 
Do6tor aferibes to want of light. What he calls an equal Aar, 
is one that in an achromatic finder appears of equal light. 

Od. 7. Mr. Harding’s aAeroid has continued its retrograde 
motion. The weather is not clear enough to allow the ufe of 
high powers, 

0£t, 8. If the appearance refembling the fpurious difks of 
fmall Aars, which I fee with 410,5 in Mr. Harding’^ aAeroid, 
(hottld be a real diifmeter, its quantity then by eAimation may 
amount to about 0'',3. This judgment is founded on the fa- 
cility with which I can fee two globules often viewed for this 
purpofe. 

The angle of the firA is 0",429, and of the other 0",214 
and the aAeroid might be larger than the latter, but certainly 
was not equal to the former. 

With 496,3, there is an ill-defined hazy appearance, but 
nothing that may be called a dilk* viffble. When there i| a 
glimpfe of more condenfed light to be feen in the centre, it is 
fo fmall that it muA be lefs than two-tenths of a fecond. 

To decide whether this apparent condenfed light was a real 
or fpurious difk, he applied different limitations to the apertui^ 
of the telefcope, but found that the light of the new Aar was 
too feeble to permit the ufe of them. From this he concluded 


that 


* See Cat of double Start, I, 87. 
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an increafe of light might now be of great ufe^ and Obfemtioiit on 
■ viewed the afteroid with a fine 10-feet mirror of 24- inches 
diameter^ but found (hat nothing was gained by the change. 

The temperature indeed of thefe large mirrors is very feldom 
the fame as that of the air in which they are to a6lt and till a 
perfedl uniformity takes place no high powers can be ufed. 

The afteroid in the meridian, and the night beautiful. After 
many repeated comparifons of equal ftars with the afleroidf I 
think It Ihows more of a difk than they do, but it is fo fmall 
that it cannot amount to fo much as 34enths of a fecondi or 
at leaft to no more. 

It is accompanied with rather more nebulofity than ftars of 
the fame fine. 

The night is fo clear, that I cannot fuppofc vifion at this 
altitude to be lefs perfe6t on (he ftars, than it is on day ob» 
je6ls at the diftance of 300 feet in a diredlion alnxift hori* 
zontaI« 

Ocl. 11. By comparing the afteroid alternately and often 
with equal ftars, its difki if it be a real one, cannot exceed 2, 
or at mod 3-tenths of a fecond. This eftimation is founded 
on the comparative readinefs with which every fine day I have 
feen globules fubtending fuch angles in the fame lelefcope. 
and with the fame magnif)ing power. 

** The afteroid is in the meridian, and in high perfection. 

I perceive a well defined diik that may amount to 2 or S-tenths 
oi a fecon^; but an equal fiat fiiows exaClly the fame ap- 
pearance, and has a dilk as well defined and as large as that 
of the afteroid.'* 


He/ult and Application of the Experiments and Ohfervations^ 

We may now proceed to draw a few very ufeful conclufions 
from the experiments that have been given, and apply them 
to (he obfervations of the ftar difeovered by Mr. Harding; 
and alfo to the timilar ftars of Mr. Piazzi and Dr. Olbers. 
Thefe kind of corollaries may be exprefted as follows. 

(1.) A lO-feet refieCtor will (liew the fpurious or real 
dilks of celeftial and terreftrial objeCts» when their diameter 
is ^ of a fecond of a degree ; and when every circumftance 
is favourablei fuch a diameter may be perceived fo diftinCtly. 
tind it can bo divided by eftimation into two or three parts. 

(i?.) A 
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S rc#fda 0 s om (2.) A (filk of oF a fecond in diameter/ whellier fpericmr 
real, in order to be feeh as a'lroiund, well defined body » 
requires a diffin6t magnifying ))ower olf 5 or 6 hondredi and 
muft be FufSciently bright to bear that power. 

(3.) A real difk of half a fecond in diameter will become 
fo much larger by the application of a magnifying power of. 
5 or 6 hundred, that it will be eafily didingurfhed from an 
equ^ Tpurlous one, the latter not being affected by power in 
(he fame proportion as the former. 

(4.) The dilTerent effects of the infide and oulhde rays 
of a mirror, with regard to the appearance of a difk, are a 
criterion that will fliow whether it is real or fpurious, pro^ 
vided its diameter is more than | of a fecond. 

(5.) When difks, either fpurioif^ or real, are lefi? than i of 
a fecond in diameter, they cannot be diflingii idled from each 
other ; b'ecaufe the magnifying power will not be fufficienl to 
make them appear round and well defined. 

(6.) The fame kinds of experiments are applicable to tele, 
(copes of dijfTerent forts and lizes, but will give a different 
refuft for the quantity which has been dated at J of a fecond 
of a degree!. Tills will be more when the indrument is lefs 
perfefi, and lefs when it is more fo. It will alfo didcr even 
with the fame indrument, according to the clearnefs of the 
air, the condition, and adjudment of the mirrors, and the 
practical habits of the obferver. 


XIX. 

Account of Jbme new Improvements on Steam*En^ines* By Mr. 

Arthur Woolf. 

Mr. Woolf’s In our eighth volume, p. we gave a (bort account of 
improvements ^ former improvement made by Mr. Woolf on the deam- 
glues. engine, founded on a difeovery that deani, of any higher 

temperature tiian that of boiling water, if allowed to pafs 
into another velfel kept at the fame temperature as the Aeam 
itfelf, will expand to as many times its volume, and dill be 
equal to the prelTure of the common atmoTphere, as the num- 
ber of pounds which fuch deam, 1)eroire!being allowed to ex- 
pand, could maintain on each fquare inch of a fafety-valve 

expofed 
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^oNpofcKl to the atmofphere : for exaiDple» that mafles orqoano Mr. WooiTs 
iiHes of fteam of the expaniive force of 20, 30, or 50 pounds 
the fquare inch of a coa^mon fafety-valve, will expand to 20, 

50f or 50 times its volume^ and fllH be refpedtively equal to 
the atmofphercy or capable of producing a (ufticient action 
againft the pilion of a tleam-engine to caufe the (ame to rife 
in the old engine (with a counterpoife) of Newcomen, or to 
be carried into the vacuous part of the cylinder in the im- 
proved engines firft brought into effedi by MeiTrs. Boulton and 
Watt. 

In confequence of this difeovery Mr. Woolf was enabled 
to ufe his fleam twice (if he cho^e)^ and with complete ef^ 
fe^l; nothing more being neceflary than to admit high fleam.^ 
fuppofe of 40 pounds the fquare inch, into one cylinder, to 
work there by its expanfive force, and then to allow the fame 
fleam to pafs into, and expand itfelf in, another cylinder of 
forty times the fize of the firft, there to work by condenfation 
in the common way. Or with only one cylinder, by admit* 
ting a proportionally fmall quantity of high fleam into it from 
the boiler, Mr. Woolf, found that he could effedl a confider* 
able faving in fuel. 

In this firfl improvement of Mr. Woolf, though the faving 
might be carried a confiderable length, it was flill neceffarily 
limited by the flrengfh of materials; for in the employment 
of high fleam there mud always be foine danger of an explo- 
fion. Mr. Woolf, however, by a happy thought, has com* 
pletely obviated every danger of this kind, and can now take 
the full advantage of the expanfive principle without the lead 
da-.iger whatever. This he eff*e51s by throwing into common 
fleam the additional temperature necelfary for its high expan- 
fion, qfttr the fteam is admUed into the working cylinder, which 
is heated by i.ieans adequate to the end intended to be gained ; 
and the advantage which he thus gains he cffeaually fecures by 
a mod ingenibus improvement in the pidon. It may be eafily 
conceived that fleam of fuch high rarity as Mr. Woolf employs, 
could not be made fully effeaive with the pidon in common 
life; for in proportion to its rarity fo mud be the facility with 
which a portion of it would efcape, and pafs by the fide of the 
pidon to the vacuous part of the cylinder : but Mr. Wood a 
contrivance Teems perfeaij' adapted to prevent ihb lofs of ev«h 
|iiefmaJled portion of the deam. 

Pefides 



SCIEKT^riC VEYlSi 


3a^ 

Beiides thefe improvements on the common fieam*engine^^ 
he has alfo found means to apply the fame principles to the old 
engine, known by the name of Savary^s, in fuch a way as to 
render the fame a powerful and oeconomical engine for a great 
variety of purpofes. 

Such is the outline of Mr. Woolf's improvements on this 
ufeful engine : but, for the general information of pradlica! 
engineers, we (hall fubjoin a more technical defcripiion, m 
Mr. Woolf's own words, extrad^ed from his fpeciiication of 
bis patent. 

CTo be continued,) 


SCIENTIFIC NEWS. 

- 

Geometry, 

Two theorems ^ Ji-UYGENS has given the two following theorems in liis 
rologiumo?^" Uorologium OfcUlatoriim, wliich are applicable to all folid 
Huygeai* bodies: The center of ofcillatzon , and that of fufpenfion are 
eilways reciprocal to one another. The fame body if always ifo^ 
chronal to itfelf, while it ofcillales round parallel axis*s taken at 
equal dijlances from the center of gravity, M. Biot has given 
a remarkable cxlendon to thefe two theorems, 
ixtended far- All thefe parallel axis's form the furface of a right angled 
Biot cylinder of which the axis pafles through the center of gravity. 

But the analytical expreflion under which M. Biol prefents 
the theorem of Huygens, made him inflantly peiceive, that 
an arbitrary inclination might be given to this axis, the 
radius of the cylinder being fuitably changed at the fame 
time; and that thus according to the different degrees of 
inclination of (he axis, an infinity of cylinders might be 
obtained. Tiie fuperficies of which cylinders (hould have (he 
fame property as (hat of the primitive cylinder. Befides this, 
the axis without changing its inclination may deferibe a 
conical furface about its primitive poiilion, which will multiply 
the number of cylinders already found, as often times as 
right lines caai)e conceived to be drawn on the upper furface 
pf the cone. 


6 


Jfronomy^ 
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AJironomy. 

' M. has made an obfervalion of an occultation of fte M« Fjdet m 
pleiades the moon, on ihe 19lli of Navmbcrt 1804, from ©f thTpWaSSy 
the Obfervatory of Geneva. the moon. 

An account of an occullation of ff fcorpion, obferved on M. Mechain o 
the 17th of Julj/, 1803, from the fummit of Cafulcta, 
mountain in the kingdom of Spain, was found among the 
papers of the late M. Mechain, which will appear in (he 
6th Volume of the Memoirs of the French National Inliitute : 
this is the lad obfervalion of this kind made by a man of 
fcience, wdiofe premature Infs the Inflitute will long regret. 

A long fuccefTion of obfervalions was alfo found among and of the comea 
his papers, relative to the comet which he had difcovercd “ *793* 
from Barcelona in 1793, which will alfo appear in the fame 
publication. 


Geography. 

M. Humboldt has read before the Jnfiitate Nalionalc, The longitude of 

Memoir on the Lomitudt of Mexico, the capital of the king-hlyxicodctcr- 
j - „ , ® ® mined accurately 

dom fo called. by M. Hum- 

Geographers difagree with regard to the pofition of thisholdc. 

important point. The confiderable difference which M. 

Humboldt found between his hrd obfervalion, and the laft 

which had been formerly made by others before him, engaged 

him to repeat it as often as be could, and by different methods. 

The diflances of the moon from the ftars, and feveral eclipfes 

of Jupiter's moon£:, always gave the fame refult, which is 

doubtlefsly preferable to all thofe which have appeared 

hitherto. 


EleSlricity, 

Since the difeovery of eledrical conduflors by Dr. Frank- Conduftor coo^ 
lin, many philofonhers have repeated experiments to efiablifli 
the identify of e‘le6lrical fire and lightning, by experiments * 

with fuch infolatcd conduAors. 

Thefe experiments fucceeded to the wifh of all who tried 
them ; but it was foon perceived,, that they were attended 
with much danger : and fince the death of ProfefTor Richman, 
of Peteriburg, who was ilrack by lighUaing from his con- 
in 1753, few bare ventured to repeat the experiment. 

Mf Beyer 
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canlteiii&lited 
or not«' at 

pkaTiue* 


M. Beyer of Paris has formed in his garden an apparatus 
of 4his kindj which is very (imple, and at the fame time 
perie&ly effisfiasd without any danger : It is a condudor 
wliicb can alternately at pleafure be infolatedi or not infoiatedi 
and made -to a6l either with a bali« or with a point. The 
communications between it and the earth are well edablilked, 
and as the obfervations can be made at more than an hundred 
feet from the apparatus, there is not the lead danger of any 
accident. 


Balloon projeft- 
cd by Mr. Ro- 
iertfon, 131 feet 

to caily up 50 
men. 


and a veflel 
with (ail|f Iec# 


tnd an interttl 
balloon and 
parachute. 


Aeroftation, 

The celebrated Aeronaut Robertfoni who afeended from 
Peterfburg laft year, is endeavouring to obtain the neceflfary 
afliflance at that place for the con(lru£tion of an air balloon 
on a very large fcale; he propofes that it (hall be 732 feet 
in diameter^ which he calculates will carry up 37 ton, and 
which he fuppofes, therefore, will eafily fupport 50 people, 
and all neceifary accommodations for them. 

It is to have attached to it a veflel furniAied with maRs, 
fails, and every other article requifite for navigating the 
fea in cafe of accidents, and provided with a cabin for the 
aeronauts, properly fitted up, galley for cooking, {proper Rores 
for flowing provifions, and feveral other conveniencies. To 
render the afeent more fafe, it is to take up another fmaller 
balloon wWiin it, nnd a parachute, which will render the 
defeent perfectly gentle, if the outer balloon burfls. 

From its conftru6tion it will be calculated to remain in the 
air feveral weeks, in which time many experiments in natural 
philofophy, and aflronomical obfervations may be made : It 
ts alto fuppofed, that geography may be conRderably improv- 
ed by its means, as the aeronauts will be neither flopped in 
their courfe by mountains or focefls ; and fome have even 
thought, that with the afliflance of the trade winds, a voyage 
round the earth might be made in it between the tropics. Its 
cofl, it is calculated, will be nearly equal to that of a (hip of 
the line. 


Unitherjiiy qf Charkow. 

The court of Pelerftfurg piibliRred the a6l of confirmation 
the Univerlity ofCharkow, on the 16lh of May, of which 
-ihefdllowing are the chief parltcdlars. 



seif£«rTirrc vcwt, 

V is under ibe care of the Minifiir of poblic 

pftiydlion : It has^ however, ks own particular admlniftration 
ynd jui^didion; the ordinances, by winch members ar^ regulations, 
governed, are regulated by itfelf ; It has the right of cenfure f 

both with regard to the books printed by itfelf, or ihofe 
brought from abroad. All articles which it may want are 
aflo'wed to pafs the frontiers without examination or tax. Its 
correfpondence is poft free, and its paper is not fubjeQ to 
duly. The hoyfes of the profefTors are free from taxes and 
all charges. The profelfors have the rank of the feventh Provifion for 
( lafs, and the ftuclents that of the tweJtili, or that of fubaltern 
officers, receive coiiimillion as fuch, and wear fwords. The 
profedbrs after twenty-fwe years duty, or in cafe of incurable 
ficknefs, receive their penfions for life, and may even receive 
them while refident in other countries. On the dearth of a 
profefFor, his widow and children continue to receive his 
peniion, until the widow marries again, or the children 
attain the age of twenty-one years. The Rmperor has 
granted a yeaily revenue to the Univerfity of i:J0,000 rubles. 

Botanic Carden^ at Copenhagen, 

A fum of 4,500 rix dollars, which the government had 
granted in 1803, for the Botanic Garden at Copenhagen, ■ 
has been employed, partly in paying the debts of the eflabliib^ 
ment, and partly in conftru6ling a new hot-houfe. This has 5500 plants 
garden, which pofUfTes 5,500 plants of different kinds, 15 tor mlpeftion, 
open one day in each week for the curious, and every day 
for botanic Hudents. The dire61ors in their lull report, hav- 
htg rnade fome propofals for the improvement and eflabliQK 
ment of the garden, the government has granted them an 
additional fum of 4000 rix dollars, and an annual fum of *****^**^^’J^®!^8*’*“*^ 
200 for repairs; and have befides fettled, that the appoinU 
ments of perfons employed in the garden, (liall be increafed 
to 720 rix dollars, *0 commence this year. 


M. Giefecke, a Pruffian mincralogill, w'ho has been a Propofed mJne- 
confiderable lime at Copenhagen, is about to be employed 
by government on a voyage to Greenland, where he is to ^nd. 
pafs -fome years in examining that country, with regard to its 
mineralogy and geology. Hitherto the (M-:>reviBri religious 
ibfiSenaries have alone been able to lefolve to live feme 

years 
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y^ri in that country for the converfion of the natives: 
will be 110 little honour to the fciences. If M. Giefecke ihall 
bring himfelf to make a like facrifice for their advancement. 


^arts pdjtei -The Royal Academy of the Fine Arts^ and the Mechanical 
typei. Berlioj have received among their members M« F. 

If. Wagener^ who has difcovered a new method of printing 
geographical charts by a fpecies of moveable types, wh^ch is 
found to anfwer better than engraving, and will undoubtedly 
be much cheaper. 


Prizei given by Mar dial Berthier, war minider of France, at the requeft 
mml^^erfbr Marefcot, has again edabliflied the prizes which 

was given for the bed works on fortification, 
a work on tub- Two prizes have been granted to the bed ireatijts on fub^* 
terianean for* ierroMoua works. The fird was adjudged by the committee 
' ^ ^ of fortidcation to Major Mouze, the fecond to Captain 

Gillot; the committee has adjudged a tbir(j|.trealife deferving 
of honourable mention, which has for infeription artem 
experientia fecit ; the author of it is not known, 
and one on a Another p:ize on the fubjecl of % project for a fortified 
fied barwk^^^" given to Capluin Laurent. The com- 

mittee have judged the project of Captain Biofehevalier, 
and that of Lieutenant Colonel Gefbert, to deferve honour^ 
able mention. The committee has rejected, for not correL 
ponding with the propofed fubjedl, a projedl of Captain 
Mallet, for a barrack intrenchment ; but have thought it worthy 
of particular mention, as a work which gives a very advanta** 
geous idea of the talents of this officer. 

Many of the works which neither received prizes, or par-« 
ticular mention, exhibit ingenious contrivances, and intereft^ 
ing obfervations. In general thefe two conteds have fully 
proved the goodnefs of the Inditution, of which the object ia 
to exite emulation in all the corps of the army, to propagate 
knowledge among them, and to extend the perfedion of all 
the branches of the military art. 


CatilQgueof . THE catalogue of the Leipfic fair, has this year contained 
Leipfic fair, con* foeeU more thanufoal. The mufical publications have 

tamed 3647 . 

pobtioUiM. 
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\|beefi add^ to it. It contains 3|647 arliclesj farnitfied hf 
S80 bookfellers. The number of romances is 271 « of Ui^a« 
tricat pieces 81, andjmufic 95« forms 447 articles. 


The academy of painting and fculpture at Madrid, are of 

about to publifli a compleat colle^ion of the Arabic antiquU 
quities of the kingdoms of Grenada and Cordova. In this 
work will be found not only views and plans of the monu* 
snencf, and other remarkable matters of thefe countries, but 
alfo an explanation of all the infcriptions, cyphers and hiero* 
glyphks. 


THERE is foon to be publifhed at Liibon, a Didionary 
the Angola or Bunda language, with the explanation of 
the words in Portuguefe. There has never before been aabletothofe 
didlionary of this language. This will be publilhed for the 
ufe of thofe Portuguefe who iiavebuhnefs to tranfadl with the 
efiabliihments which their country pofTefles on the coafl of 
Africa. No language is fpoken there to fo great an extent 
as tlfis. 


THE celebrated fculfitor M. Canova, is engaged in ere£i- Maufbleum of 
ing at Vienna, the fplendid Maulbleum of the Arcb*dutchefs 
Chriilina, an imroenfe compoiition of eight marble figures, 
larger than life ; the models and execution of which have 
been long admired at Rome, where they were formed. 

M. Canovi* before his departure from Rome exhibited a an<3 his Thcfctti 
coloflfal group, reprefentingThefeus combating with a Centaur. * 

This group is to be executed in marble for the city of Milan. 

The arlifis and connoilTeurs of Rome feem to cfleem this work 
fuperior to every otiier which has been executed by this 
ingenious and indefatigable artifi. 


THE Magiftracy of Augtburg have had the honour of piracy of bosks 
being the firft government of foulh Germany, which have punished « 
taken decifivc roeafures againfl the (liameful traffic of book- ^”*^'*^** 
piracy. It has confifcated the entire edition, confiding of 
^00 impreifioos, of the work of Coener, on the political 

rights 
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of G<e<!martiy, which waa pirated by KrawiM^eP, ij 
dealer 4fi faoh n>anracUon% and befidei compelled Kiaiia^ 
felder to pay* to the l^tiimate odfK^i the price of the Copiet 
which he had luliU 

Rniriftnioirine Roffian government have formed at Peterfburg, an 

loftitution. Inftitutioni whofe dciign is the perfeding of all that belongs 
fo naval armaments and which is to be called the Mmitie 
Mufium, This mflitcrtion H not merely to be a fchool : alt 
Che feiences neceflary to a naval officer will be there taught 
and the Mvftum will beiides publiAi a journal which will treat 
of every thing relative to Umi marine. It will have alfo a 
cabinet of natural biftory^ which will be open to all the 
pupils. This c/lablifliment will be under the diredion of the 
minifter of the marine^ and its membeh are to wear the 
naval uniform. 

Ruffian efta- ACCORDING to the report of the minifter of public in- 
bliffiments for ftruction, there is at prefent in R uffia 494 inflitutions for educa- 
Numbers of dire6lcd by 1475 roafters, and attended by 3S484 

nailers and fcholars. The expence of thefe ellablilhments cofts government 
pupilitt annually almofl two millions of Rubles* Among thefe are 

* not reckoned thofe for the corps of cadet S| or for pages, the 
Academy of Arts, the Schools of Commerce, nor the Jnftilu- 
fron for Female Eclucatrdn* Thpfe who know the (late m 
which Ruffian education was at the acceffion of Alexander, 
may judge by this detail what he has done towards ’edigbtnmg 
his vail empire. 

• The Ruffian catholics carneitly concur in feconding his 
views. At an ecclefiaffical aifembly, convoked by the biihop 
Of Lttik and* Shetomir, various meafures have been taken m 
favour of the cilablifliments for education. 

fhesne lathe IN the town of Odefla in the Crimea, a theatre is building 
Crimea. vvith much aAivity^ according to the plans of M. Thqmas de 
Thomon architeft to the Emperor, and a profeilbr of the 
Peterlburg academy* 

This 
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(Xbis tbe aiti are even extending to this biiberto * 

part of the worlds which certainly from its fine 
cjimate, and many other advantages^ merits every attention. 
of its enlightened and humane mailer.) 

THE third volume of the Gtographical Didtionary of the Geographical 
Evjftan Empire has been publiflied by the booklellers, Gavy, ^ 

Popow, and Luby. 

A NT important work is foon expeded to appear at Peterf- 
burg, by the fcienlific M. Delaunay, counfellor of (late, re-> 
laiive to Siberia, and the bordering countries. 


M. KOTZEBUE in his lail tour to Naples relates fome Ancient manu* 
particulars which he faw in vifiting the Mufeum of Pnftici, 
which will be interefling to the admirers of ancient literature. 

•• Eleven young men are at prefent employed in unrolling 
the manuferips, and two copy them. An Englithman called 
Haiter, is at the head of the efiabliftimcnt. He relates that 
his affifiauts are much more expert and expeditious than they 
were formerly. He has great hope that he ihall have the 600 
manuferipts, (which yet remain) decyphered, and has little 
doubt that he (hall difeover among them an Ennius and a Afe- 
nander, as he flatters himfelf he has already a Polybius in 
hands. 

On tl)c day of the vifit, a Greek author, hitherto unknown 
named Kolotos, was difeovered; his work is on philofophy. 

As the names of the author are always inferted at the end of 
each mamitcript, they can never be known until it is entirely 
unrolled. Seven latin authors have paffed through the handf 
of Mr. Haiter, but all fo much damaged that it was impoflible 
to unroll them, which l>e the more laments as one of them 
appeared to be a Tivy, at lead it was an hiflorical work 
v\ ritlen in his ftyle ; all that be can difeover of it, is, that 
it begins with an harangue, in which mention is made of the 
family of Actlius. They have to this time difeovered five 
aulliors ; Fhikidemus, mod of whofe writings have been found. 


and among others, a treatife on (he vices xMdi are nearly^ 

allied to virtues, Epicurus^ Ph^drus, Pemetrius Phalereus the works of 

and 

Phedius, 




ncttftttPid 


mi dnd bit Kdlotoi above-mentioned. Mr. Haiter re|(reta that 
has hitherto only met with works on philofopbyi althoagb’ 
among thefe many hiRorical ideas, hitherto unknowni occur 
here and there : as happened in a difTertalion on anger, in 
which is cited the example of Cadmus puniQied by Bacchus 
for having given himfelf up to this pallion, a circumftance 
hitherto unknown. 


IT has for fome time been an pbjefi of deliberation with 
mei to afccrtain by what means I might mo^ effedlually 
remedy an inconveni ice which has arlfen from thd^ drf- 
tinguidled patronar^e t.iis Jouinal has been honoured with: 
The great extent and value of original comirlunications can- 
not but be duly cdimatt * by (he public; (hough at the fame 
time it has neceifarily followed, that various articles of news 
and other rubje6l$ in the foreign Journals^ have in many in- 
Rances been poftponed, and in fome rejedted. To retain all 
the peculiar advantages of this work, and to adbrd ample fpace 
for occafional and foreign articles of.vith^ the obvious means 
have appeared, that according to^ the pradlice of feveral 
other refpedlable works, each volume Oiould be concluded by 
a Supplementary Number ; containing fix flieets, or 96 pages 
of printed matter, and two plates. And, as many of the 
former plates, like Ihofe in the prefent number, have con- 
tained mathematical figures or outline delineations, capable 
of being advanlageoufly condenfed, it is purpofed in all tho' 
future numbers to give two very full plates, and tixteen extra 
pages of matter, inflead of the four plates hitherto given. 
By this arrangement every volume will in future contain 80 
flieets or 480 pages of matter, and 10 full plates ; inflead o£ 
20 flieets or 320 pages, with J6 plates lefs fully occupied. 
This addition of new matter to the amount of full one half 
more, will admit the infertion of many interefiing articles 
which want of room mufl alfo have excluded. 

The plate of Rye-Harbour could not be firdjked in time 
on account qf the fudden ilbuefi of the Engraver* It will be 
given gratis in the Supplement^ which mil be pubiyhedjon. h 
next, at thejlune time as No. 50, 
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ARTICLE I. 

A Defcription of an Air Pump upon a new Cmftru^ion^ Bp 
Elizur Wright* Communicated bp Ben;. Silliman, 

Ej}j* Profejfor of Natural Phihfophy, ijrc. in Yale College, 

Newliaven, America * 

Upon reading the improvemenls made in (he air pump by The general im* 
Smealon, Haas, Prince, Ruird.and Culhbertfon, occurred ^ 

to me that the end which they aimed at might in fome roeafure explained, 
be attained upon a principle that is difierent from either of thofe 
by which their pumps have been conftrufled It is well known 
that in a common air pump the valve at the bottom of the bar- 
reldepends upon the uAr in the receiver to open it. When the 
air in the receiver is rarihed to a certain degree, its fprtng be* 
comes too ^eak lo overcome even the fmall refinance which 
will arife from' the weight of the valve, its cohehon to the plate 
occafioned by the oil, and its being (Iretched tight over t|?e 
hole* Here the progrels of exhauftion will flop* And this 
would hold true, could it be poffible to produce a perfed va^ 

Cttum in the barrel. But as the fame obflrudions belong to the 
piflon valve^ together with the additional one arifing from the 
preflure.of the external air upon it, and becaufe the piflon can* 
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not Be To aeciiraiely fitted to the Tower valve as^ wlicn pot 
down upon it, to leave no vacuity between them ; a portion of ^ 
air will necsefikrily be retained in the barrel, which by itspref- 
furc (till further* prevents* the opening of the lovvcr valve, and 
caufes the operator to coihe to the limit of rarefa 6 tion much 
fooner than ^ would upon the fuppofition that a perfed va- 
Impfottmenu cuum were made in the barrel. Several very ingenious con- 
^wvanccs have been invented to remove this imperfedlion^ 
atiidag wblcb tliofe of Cuthbirtfon and Prince are among the 
latefi, and cannot fail of giving the reader a very high idea of 
their fagacity and talents for invention. The methc^ ufcd by 
the Rev. Mr. Prince, of removing the lower valve by open- 
ing the bottom of the barrel into a cifiern which has a com- 
munication with the receiver, firft gave the hint that it might 
The air-pump be poflible in fqmc fimilar way todifpenfe with both the valves, 
proved?* carry the air pump to a greater degree of 

perfection. In purfuing (his fubjeCl I found that all this might 
be effected, and in a way that admitted of much iimplicity of 
confiruClion. 

Detcrlpdofi of a The principle upon wbich this pump operates may be feen 
new air pump. foflowiBg defcription of it. F, (Plate XIV. Fig. 1 .) is 

the punvp plate. O C is the barrel lying in a horizontal pofi- 
lion underneath the pump plate, mid nearly in contaCl with it. 
A and B are two cluCls leading from the pump plate into the 
barrel. The pifton P is witlioot a valve» being (olid and accu- 
rately filled to (be barrel. The p'ifton rod M is cylindrical and 
moves air tight in the leathern collar O. There is ahother 
pldon, N, rbade like the former, but Ihorler, and aCled upon 
by the fpring S, which is thence termed Ihefpring pifton. Tlic 
‘ ehds of thefe piftons arc vely carefully fitteddo each other, fo 
that when they are brought Into contaCt they Will form brie 
uniform cylihaef withoot'any vacuity betwixt them. H is the 
' wiiich, with a pinion and rabk by which it is woiked. The 
^ pump 18 fuppoirtedby a pefieftal Upon which it is firmly ilkbd. 
AfoKd pifton The manner in which k operates is this: Supppfeihe Vb- 
rod”* phebd overThe doft A, leaving the dua'^ open to the 
pafo through t «cleffial ait, aMb 'the fprihg pifhm in the fituation N, extlotl- 
collsr of leutiMrk trig the UxterTkal air from the barrel, as teprefehted in the figifre 
. STbilndSvep cofitaa with it. The pifton P, by riibvillg 

* one to admit sir Ibwat^As the daft A, forms a vatUtim in the barrel. "When it 
SdthMiKr^ pKflb* T>y the dua A, it opend a commonicatibn between the 
dUchirge it. y ' receiver 
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receiver and barrel, and the air by its elaftlc force rufhes into The latte! is 
' ^the barrel and fills it. The pidon now returns towards 
duel B, and drives bel'orc it the air contained in the barrel, 
together with the fpring plflon N, until they arc flopped by 
the ftioulder D at the inflant in which the ends of the two pi- 
llons coineagainfl ihe middle of the du£l B. By forcing the 
air out at the du6l B, tliepiftons come into conlad, and form 
one uniform cylinder, that prevents any communication of the 
barrel with the external air. The piflon P is now drawm back 
toward the du6l A, and (lie fpring piflon N, by the adlion ol 
its fpri.\jr lullows in clofecontacl with it, until it is flopped by 
its flioultlcr C meeting with the end of the barrel, after having 
pafTod thedut^ B, anrl having continued to inteiccpl the com- 
munication between the barrel and the external air. This i^ 
the fituation w’ith which the defeription began ; andy rejKrating 
the operation, when the piflon P is drawn back beyond the 
du€l A, the air from the receiver rufhes into the barrel; and 
wild) it moves forward to the du6l B this air is expelled. 

Having exhibited a general defeription of this pump, with 
the manner ol its working, a more particular iiluflration of 
(ome of ll> parts will be given. 

When the pump is intended to exhaufl, the receiver mufi This pump 
be placed over the duct A, leaving the du£l Bopen to the 
teriul air ; but when it is dcfigned to condenfe, nothing more fare, 
is nceelKiry Ilian to Iliijl the fituation of the receiver on the 
]>!ale, placing It over the du6l B, and leaving thedu6lA open 
to the c\U*rnal air. 

The dii6l H is conlinucd around the fpring piflon by means 
of a circular channel cut into the infide ol the barrel, in order 
that file air might cfcapcliom all fiJes wdicn the pillons come 
into contafl. 

It may be obferved tfiat all the back fpace in the barrel be- pbfervat*iDnt« 
tween the collar O and the piflon P makes a part of the ca- 
pacity of the receiver ; or, to fpeak more accurately, the 
fpace O A between the collar O and the du£l A : the fpace 
A P between the du6l and ptfton, while it moves from A toward 
*By being only a temporary dilation of the capacity, and the 
fpace A P while it mows from A towards O a temporary con- 
tradlion of it. 

P'or the purpofe of preventing a fluctuation of the air in the Advantage of 
receiver, which would be caufed by thin expanCon and tvw 

X ^ traaion, 
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fradlion, and might be detrimental in feme experiments, the 
diameter of tlieducl A is made very fmall, and another barrel- 
having fimildr pidons and du^s, is added, with its rack placed 
above the pinion wheel, while the other is placed below it. 
The advantage of a pump ot this kind being conftructed wdth 
(wo barrels arifes from the contrary motions of their piftons ; 
for while one augments the cajiftcity of the receiver by moving 
forward, the other equally dim ini (lies it by moving backward. 
An equilibrium is thus maintained that prevents any ofcillalory 
motion in the mercury of the gage, which might arife from the 
operation of a tingle barrel. 

The additional relillancc to be overcome in working this 
pump, above what is to be met with in other pumps, happens 
only at the fmall interval while the fpring pifton is palling from 
rts natural fituut ion to the duft B, This need not be more than 
about four times greater than that which is requitite to over- 
come the friction of the pifton P, and will be eafily provided 
or by increating the proportion between tlie diameter of the 
pinion wheel and the fwcep ot the handle. 

ELizuR 

Canaan ( ConnecYicnt in Amciicnij) 

March l‘d, 1805. 


IT. 


Concaninq the StuU in iihich the true Sap of Trees in depofiled 
during ^Vinter, Hjj Thom a A mj h e w Kn i g ht, 

('Cur.cliidcd fror.i I'agc 240) 

,We have much more decitive evidence that bulbous and 
tuberous rooted plants contain the matter within themfelves 
which fubfequently rompofes their leaves; for we fee them 
vegetate even in dry rooms, on the approach of fpring ; and 
many bulbous rooted plants produce their leaves and flowers 
■with nearly the fame vigour by the application of water only, 
as they do when growing in the bed mould. But the water in 
this calc, provided that it be peifcdlly pure, probably afliirds 
little or no food to the plant, and acts only by dillblving the 


* Phil. Tranf, of 1805, p. 97, 
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matter prepared and depofited in the precedin^j year ; and hence 
* the root becomes exhaufted and fpoiled: and HaiFeniralz found 
that the leaves *ind flowers and roots of fuch plants alForded no 
more carbon than he had proved to cxill in bulbous roots of the 
fame weiglit, whofe leaves and flowers had never expanded. 

As the leaves and flowers of the hyacinth, in the preceding — ^and !tis 
cafe, derived their matter Iroin the bulb, it appears ^^^^remely 
probable that the blolfoms of tri e^ receive their nutriment from tain the nutri- 
the alburnum, particular! v as the bloflbms of many fpecies 

J I • • I f /• I . 1 *uits, &c, 

precede tlieir leaves : and, the roots of plants liccome weak- 
ened aV^apparently exhaufted, w hen they have afforded nutri- 
ment to a crop of feed, we may lufpe^t that a tree, which has 
borne muih fruit in one (eaion, becomes in a funilar way 
exhaufted, and incapable of affording proper nutriment to a crop 
in the furteedin^ year. And J am much iiu;lincd to believe 
that were the wood of a tree in this ftatc accurately weighed, 
it would be found fpecifically lighter than that of alimilar tree, 
which had not aflbrded nutriment to fruit or blolfoms, in liie 
preceding year, or years. 

If it be admitted fliat the fubftance which enters into .the The preparaticn 
compolition of the firft leave.s in the fpring is derived from 
matter which has undergone fome previous preparation within implies thattht: 
the plant, (and I am at a lofs to conceive on what grounds this j'***^®* circulate, 
can be denied, in bulbou'^and tuberous rooted plants at leaf!,) 
it mull al(o be admitted that (lie leaves which are generated in 
the fummer derive their fubflance from a fiinilar fource; and 
(his cannot be concetled vvillmut a tlirecl admiftion of the 
exiftence of vegetable cnculation, which is denied by fo many 
^'minent naluralifts. I have not, however, found in their writ- 
ings a Tingle fad to dif prove its exiftence, nor any great weight 
in their arguments, except thole drawn from Iw'o important 
errors in the admirable works of Hales and Du Hamel, which 
i have noticed in a former memoir. 1 fhall therefore proceed 
to point out the channels, through which 1 conceive the circu- 
lating fluids to pafs. 

When a feed is depnftted in the ground, or otlicrwifc expofed Explanation rf 
to a proper degree of heat and moifture, and exjiofure to air, ^hicTthTjuicea 
■water is abforbed by the cotyledons and the )ou.ng railicle or of plants circu- 
root is emitted. At this period, and in every fubfequenl llage 
of the growth of the root, it incrcales in length by the addition 
sf MW parts to its apex, or point, and not by any general dif- 

iciiG on 
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Explanation of tenlion 6f its vefTels and fibres ; and the experiments of Bonnei 
which*thc jiUccs Hamel leave little grounds of doubt, but that the new'*^ 

of plants circu- matter which is added to the point of the root descends from the 
ti5e''^^dian^r motion therefore of the fluids in plants is 

l^c. ^ * downwards, tow^ards the point of the root ; and the vrflTeU 
which appear to carry them, are of the tame kind with thofe 
which are fubfequently found in the bark, where I have, on a 
former occafion, endeavoured to prove that tlicy execute the 
fame office. 

In the laft fpring I examined alrnoft everyday the progreffive 
changes which take place in ti)e radicle emitted by L* horfe 
chefnut; 1 found it, at its firtl exifience, and until it was fome 
weeks old, to be incapable of abforbing coloured infulions 
wlien its point was taken olT, and 1 was totally unable to dit- 
cover any alburnous tubes, through which the Tap ahiorbed 
from the ground, in the fubfequent growth of the tree, afccncls: 
but when the roots were conliderably elongated, alburnous 
lubes formed ; and as foon as they had acquired Ibme degree of 
firmnefs in their confiftence, they appcareil to enter on their 
office of carrying up the aqueous fap, and the leaves of the 
plumula then, and not (ooner, expanded. 

The leaf contains at lead three kinds of tubes ; the firft is 
what, in a former Paper, 1 have called the central veifel, through 
which the aqueous fap appears to be carried, and Ihrougiv which 
coloured infufions readily pafs, from the alburnous tubes into 
the leaf-flalk, Thefe velfels are always accompanied by fpiral 
tubes, which do not appear to carry any liquid : but there is 
another vefTcl which appWrs to take its origin from the leaf, 
ami which defeends down the internal bark, and contains the 
true or prepared fap. When the leaf has attained its proper 
growth, it feems to perform precih'ly the office of the cotyledon ; 
but being expofed to the air, and without the fame means to 
acquire, or the fubfiance to retain moifiure, it is fed by thcal- 
burnous tubes and central vefTels, The true fap now appears to 
be difeharged from the leaf, as it was previoufly from the cotyle- 
don, into the I'effels of the bark» and to be employed in the for- 
mation of new alburnous tubes between the bafe of the leaf and 
the root. From thefe alburnous tubes fpring oilier central vef- 
fels and fpiral tubes, which enter into and poffibly give ex- 
igence to, other lesives ^ qnd thu^ by a repetition of the fame 

prooefs 
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^oqcfs the young tree or annual (hoot continues to **^9*^^® ® 

*«ew parts^ which apparently are formed from the afeending which the juictt 
aqueous Tap. plants circil- 

But it has been proved by Dn Hamel that a fluid, fimilar tP 
that which is found in the true fap veflels of the bark, exifts &c. 
alfo in the alburnum, and this fluid is extremely obvious in the 
fig, and other trees, whofe true fap is w'hite, or coloured. The 
veflels, which contain this fluiti in the alburnum, are in con* 
tafl with thofc which carry up ti;e aqueous fap; and it does 
not appear probable that, in a body fo porous as wood, fluids ib 
near other fliould remain whf)lly unmixed. I mufl there- 
fore conclude that when the true fap has been delivered from 
the cotyledon or leaf into the returning, or true fap veflels of 
the bark, one portion of it fecretes through the external cel- 
lular, or more probably glandular fubflance of the bark, and 
generates a new epidermis, where that is to be formed; and 
that the other portion of it fecretes through the internal glan* 
dular fubflance of the bark, where one part of it produces the 
new layer of wood, and the remainder enters the pores of 
(lie wood already formed, and fubfequenlly mingles with the 
a fccMiding aqueous fap; vvliich thus becomes capable of af* 
fording tiic matter neceflary to form new buds and leaves. 

It has been proved in the preceding experiments on the 
afeending fap of the fycumore and bitch, that that fluid does 
not approach the buds and unfolding leaves in thefpring, in the 
flate in which it is abforbed I’rorn the earth ; and therefore we 
may conclude that the fluid, which enters into, and circulates 
through liie leaves of plants, as the blood through the lungs of 
animals, confifls of a mixture of the true fap or blood of the 
plant with matter more recently abforbed, and lefs perfe6lly 
aflimjiated. 

It appears probable that the true fap undergoes a conflder* 
able change on its mixture with the afeending aqueous fap ; 
for this fluid in thegfyeamore has been proved to become more 
fenflbly fweet in its progrefs from the roots in the fpring, and 
the liquid w’hich flows from the wounded bark of the fame 
tree is allb fweet; but I have never been able, to deleft the 
flightefl degree of fweetneis in decodlions of the fycamore 
wood in winter. I am therefore inclined to believe that the 
faccharine matter exifling in the afeending fap is not immedi- 
ately, or wholly, derived from the fluid which had circulated 

through 
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iiplanation of through the leaf in the preceding year; but that It is gene* 
whi^^^juices ^ P^’ocefs fimilar to that of the germination of feed 

pf plants circu. and that the fame procefs is always going forward during the 
'SSesl^chLige*^^^^ 0^*’**’g fummer, as long as the tree continues to generate 
ftc. new organs* But towards the concluiion of the fummer I 

conceive that the true fap iimply accumulates in thealburnumy 
and thus adds to the fpecihc gravity of winter-felled wood, 
and increafes the quantity of its extradtive matter. 

1 have fome reafons to believe that the true fap defeends 
through the alburnum as well as through the bark, and I have 
been informed that if the bark be taken from the trunk' 'of trees 
in the fpring, and fucli trees be fuflered to grow till the fol- 
lowing winter, the alburnum acquires a great degree of 
hardnefs and durability. It fubfequent experiments prove that 
the true fap defeends through the alburnum, it will be eafy to 
point out the caufe why trees continue to vegetate at*ler all 
communication bctw'cen the leaves and roots, through the bark, 
has been intercepted : and why fome portion of alburnous 
matter is in all trees* generated below* incilions through the 
bark. 

It was my intention this year to have troubled you w*ith 
fome obfervations on the reprodudlion of the buds and roots 
of trees; but as the fubjedt of the Paper, wdiicli I have now 
the honour to addrefs to you, appeared to be of more im- 
portance, I have deferred thofe obfervations to a future op- 
portunity ; and 1 Hiall at prefent only obferve, that 1 conceive 
myfelf to be in pudeiTion of fadts to prove that both buds and 
routs originate from the alburnous fubdance of plants, and not, 
as is, 1 believe, generally luppofed, from the bark* 

1 am, &c. 

T. ANDREW KNIGHT. 

Slion, Dec. 4, 1 804. 

* I have in a former paper ftated that the perpendicular flioots of 
the vine form an exception. 1 fpoke on the authority of numerous 
experiments; but they had been made late in the fummer; and on 
repeating the lame experiments at an earlier period, I found the 
refult in confoimity with my experiments on other trees. 
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III. 

Singular Method qf forming Walls and Hoofs of liural Build- 
ing, in Indoftan^ coynninnicutedhtj M.’Legovul de Flaix^ • 

Officer of Engineers* n 

TThE method which the Indians have ufed for many years, Advantages «f 
of forming their rural buildings, unites folidity, convenience, 
and wholefomcncfs lo economy, and facility of execution. 

Houfes t'on[lru61ed in this manner have all'o the advantage Retifts firean4 
of being ‘^d’olulely fafe from conilagration, and of 
even the mod violent inundations. 

In a country where ftone is fcarcc, the rich build their 
houfes with bricks, which in many refpetts arc jireferable to 
Aone ; but poor people, fuchas thofe employed in agriculture, 
cannot go to that expence, even in India, where labour and 
materials are fo cheap. 

The liabifalions of villagers in moA parts of the globe 
are built with cartli walls, in India tliey are hkewite covered 
with terraces ol earth, and it is evident, that buildings formed 
w'ith belli walls and roofs of earth muA ncccllarily be free 
from danger of dre. 

To prove that buildings of this conAruflion are equally 
fafe from inundations, it is fuAicient to Aate, that on tlic 
banks of the Ganges and Indus, (rivers of vaft magnitude 
both in their extent and their courfe, and whofe great bodies 
of water caufe the moA deAruftive eAe61s in their floods,) 
thefe lioiifes Aand uninjured, though fometimes ifolaled in the 
midA of immenfc inundations for fifteen or twenty days. It 
is extremely probable, that houfes built of Aone or brick 
would not Aand (his great force of water equally well. 

To form houfes in this manner, the foundations of the Thcrarth dug 
outfide and partition walls arc dug up, «rc fometimes 

from five lo fev .n feet deep, and always proportioned lo the ed fine, 
heightli intended to be given to the walls. The excavated 
earth is expofed till it becomes perfectly dry; if it is of a fat 
or argillaceous nature, it is carried to a place, prepared for 
the purpofe, where it may be pounded into a duA, and pro- 
perly prepared for ufe; when in this Aate, it is mixed with a and mixed with 
* ^11 coaris fand or 

Sonnixjus's Jcnrpal# JI. 394. fine gravel. 


third 
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tilird or an hair of coarfe fand, or fmall gravel pafled throog'i 
a (Icvc to clear it from pebbles. The fat earth is mixed with 
the fand and gravel, and worked up well with it, fo that the 
TOafs may be of an uniform confiltt'nce. It is then moiftened 
with water tivc or fix hours before it is wanted, and in the 
quantity necclfary for a linglc day^s work alone. 

The mixture thus prepared is carried to the place of buihU 
ing, when the foundations are perfectly dry, and the walls are 
then built equally in every part at ibe fame time, on a perfect 
level, in courfes, and brought up perpendicularly : each courfe 
|ron\ two to four of earth is from eight to ten inches in depth, and whole 
feet thick. breadth of the wall, which is fcldoni Icfs than fwd feet llnck, 
.and never exceeds four; which dimcnlions are -always re- 
gulated by tlie Intended height building, and the force 

Inonctwoor of the floods, if it is near the When the walls are 

a day according and a half, or four feijJtnnck, only one couife is 

to the chicknc hi. railed in a day; but when they are itom two feet and hall 
to three lect thick, two courfes arc railcil, and if they aie 
but two feet thick, three comics arc fornelimes raifed in that 
fpacc of lime. This depends on the quicknels of the defic- 
cation of the walK, which fpecdily takes place there, where the 
drynefs of the air i:. extreme; this v\ould not peihaps happen 
in our moifl climate'.; if tins method of building fliould be 
tried here, it would probably be n’ceeirnry to leave them 
longer to dry, in order to obtain the requifUe tenacity. 

Spaces left for When the walls aie built to the height for the roof, the 
bcanDs, doors, proper optsnings arc made for the beams and ioifls. It is 
almoll needlels to add, that the apertures ncccirary for ikc 
doors and windows are made while the walls arc building. 

The walls when On the twelfth or fifteenth day, or when the w'alls are 
inVen^work*^*^ fufficienlly dry, or to the lame degree to which tiles are dried, 
cafesofbambou, ihe walls are furrounded externall) and internally with a fort 
of open work cafe, made oflpars of bambou, or of fome other 
hard and dry wood. In Indoflan, w'here this method of 
building is general, the w^orkman have bars of iron, which 
they hire out, that ferve to fuflain the coffer work mentioned, 
at two or three s^nd are placed at every three or lour yards; the coffer work 
feet diftjnc", ^ raileil at two or three feet diflanee from the furfacc of the 
iued wit^tud. ''^1^'^* according to their thick nefs, and the fpace between is 
filled up with flrew'ood, turfs, and cakes made of cow and 
fhcep dung worked together and dried in the fun. 



then moistened 
with water. 


The walls are 
raifed all togc- 
tlier, 
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pile of combufiibies is arranged in feveral flageSy ArranBcd in 
three, four, or five feet thick, feparated from each 
by layers of earth or half dried turf of from eight lo teiuarth. 
inches depth ; the upper (lages arc firfi fet on fire, fothai the The upper 
wall is baked through its whole extent from top to bottom. kindled. 
The charge ol the combuflibles for each of the fiages is fo 
managed, that the lovvcfi is the greatefi, and is diminilhed 
for each as it is nearer the top of the wall ; as the pile burna 
down the fire of the lower fiages fiill afts on the upper part 
of the walls, which permits the upper fiages to be of Jefs 
lliirknef^ The h re bakes the walls to a ihicknefs of from thus lakei 
fix lo ten inches, as tiles are baked in a kiln. And thus walls 
arehuik in a fingle piece, and of the grealefi foiidity, w' Inch ten inches, 
have the more firength, as there are no junflures in them. 

Wherefore they ought to prevent the greatefi poflible refift- 
ance to the adiion of (he atmofphere, the attacks of floods, 
and the fall of rain, which defeends in torrents in moil 
countries of Intioftan during the rainy feafon. 

Experietue has confianil) proved, that the lioufes built in Thefe houfes 
this manner not only lad much longer lluii tliofe built 
bricks, but that they alfo lefift belter the attacks of the and refill floods 
periodical inundations, and tliofe of ibc annual rains to which t«ter. 
they are expofed in this climate. 

The metliod in which the terrace roofs (which are called 
in Intiia arg(/;/iace) are termed tor thefe houfes, is the 
following : 

ImmediaU'Iy after the baking and cooling of llie walls, the 
allies and llic bars wiiich fufiainccl the cofT’er work arc ' re*« 
moved. The beams and joifis are plaved, and covered 
either with veiy thin boards or clfe with Imall green branches; 
and upon this (upport the diflercnl layers of the terrace roof 
are placed. The firft layer is firnplyclay, with an equal com- 

quantity o/'o/t*, a Species of marl in powder, v\jich ispounaed ^ of mail, 
in troughs, fuch rs are ufed for preparing rnorlar . This firft layer 
is four or five inches thick, and it is then levelled, and is*"'" • 

moifiened from lime to time, in order to beat it firm with 


fmalJ bats. As foon as this is dry, the fecond layei^is laid on, 
which confifts of potters clay worked up in the fame manner Second layer 
as if prepared for making pottery; this layer is only two 
or three inches thick at moft. It is levelleil according lo the thick. 


Aope of the terrace, which is given it in placing the bcims 

and 
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Third layer clay 
^ith one fourth 
brick duft; and 
one fourth fine 
fand 6 or 8 
Liehei thick. 


Houfcsthus 
built coil 6 
franks for the 
cubic fathom. 


May be made 
with many fto- 
ries. 

An houfe of this 
fare 430 years 
built feemtd 
^uite freih. 


and joifts, and it is confolidated by light blows of woodt:* , 
trowels, until it is perfedly dry. VVlien the clay forms cracki 
in drying they are clofed by other clay prepared for filling up 
thefe chinks to the botfoms,. 

The fecond layer when perfe6tly dry, and free from cracks, 
is covered with a third layer; which iscompofed ot pulverized 
clay mixed with a fourth of brick duft, pafled through a dole 
fieve, and with a fourth of fine fand. This mixture is worked 
np in a trough like mortar; it is ufed as foon as prepared, and 
is then fpread out equally over the whole terrace fix or eight 
inches thick ; this layer is confolklalcd in the fara^rtfanner as 
the others, and this labour is continued till it is perfectly dry ; 
and then the argamace is finiftied. This terrace is ftrong, and has 
fuch tenacity tliat the moft violent rains cannot penetrate it. 

A building of this fpecies cofts in India but fix trancs (five 
ftiillings) lor the cubic fathom and is entirely performed by 
mafons. In France it would coft three limes as much (and 
fomething more in England) on account of the greater cxpencc 
of labour and fuel. 

Houfes may be built in lliis manner of any height required, 
and of as many (lories as arc thought (it; 1 iiave feen lome 
that had but one ground floor ; but I have alfo (cen others that 
5 were elevated two ftories above the ground floor. One of this 
laft fort, filuated on the banks of the (yemna in the province of 
Alabad, was built above 430 years, and the w'alls, and 
the whole of the building looked as freih as if ihey were new. 


Mr. Woolfs 
improvements 
in ftcam-en- 


Account of fame new Improvements on Stea?n~Engines, By Mr, 
Arthur Woolf. 

(Concluded from page 296.) 

' I have found out and invented a contrivance, by whicb 
the temperature of the fleam vclTcl or working cylinder of a 
fleam-engine, or of the fleam veffels or cylinders where more 
than one are ufed, may be raifed to any required temperature, 
without admitting fleam from the boiler into any furronnding 
receptacle, whether known by the name of a fleam cafe, or 
by any other denomination. Thai is to fay, infiead of admitting 

fleam 
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of a high temperature into fuch receptacle or (learn cafe, Mr. Woolfs 
\lhich is always attended with a rifk of explofion proportioned 
to the elafticity ot the (learn employed, I putdnto the faidgines. 
furrounding receptacle, or cafe, oil or the fat of animals, or 
wax or otlier fubdances capable of being melted by a lower 
temperature tlian the heat intended to be employed, and of 
bearing that heat without being converted into vapour : or 1 
put into the faid cafe or cafes mercury or mixtures of metals, 
as of tin, bilmuth, and lead, capable of being kept in a (late 
of fufion in a lower temperature than that intended to be em- 
ployed Jh working the fleam-engine; and I fo form the fur- 
rounding eXfe or cafes as to make it or them admit the aforefard 
oil, or other fubftance employed, to come into contad not 
only with the tides of the fleam vefTel or vctfels, or work- 
ing cylinder or cylinders-, but alto with the bottom and top 
of the tame, fo that the whole may be as much as pofliblc 
maintained in one uniform temperature ; and this tempera- 
ture I keep up by a fire immediately under or round the 
cafe or cafes that contains the afbrelaid oil or other fub- 
(lance, or by connecling the faici cafe or cafes with a fe» 
parate velfel or vetTols, kept at a proper temperature, filled 
with the oil or other fubflaiice made ule of as aforefaid. 

In fomc circiimftances, or whenever the lame may be con- 
venient or dcfjrable, I employ the fluid melals, or mixture^ 
of melals, and oil or other of the fubftances before enu- 
merated, at one and the fame time in the fame engine; that 
is to fay, in the part of the cafe or vefTcl expofed to the 
greatefl adlion of the fire, I fometimes have the aforefaid 
metals or mixtures of metals, and in the parts lefs expofed 
to the aflion of the fire, I put oil, or other fubflances ca- 
pable of bearing the requifite heat without being converted 
into vapour. 

By this arrangement, and method of applying the fuf- 
rounding heat, ^ not only obviate the neceffily of employ- 
ing (learn of a great expanlive force round the (learn velfel 
or velfels, or the working cylinder or Cylinders, as already 
mentioned, to maintain them at the temperature# required, 
but I am enabled lo obtain from fleam of a comparatively 
low temperature, or even from water itfelf, admitted into 
the (learn veiTcI or vefleh, all the ctfedls that can be ob- 
tained from fleam of a high temperature, without any of 
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i/ie .riik whioh^the produdion oTthe latter i.4 accqsp- 
paniedy not only to the boiler and other parts of the ma. 
chinery, bn^ even to the lives of the workmen ; for fuch 
low ileam» or even water^ (but in every cafe tleam is pre- 
.ferabiet) being admitted into a iteam veflei or vetTelsi or 
working cylinder or cylinders^ kept at the requifite higher 
temperature by the forementioned means, wiR ihere be ex- 
panded in any ratio required, and produce an effedt in the 
.working of the engine which cannot otherwife be obtained 
but at a greater expenfe of fuel, or with the ri(k of an ex- 
plofion. By this means I can make ufc of tleain (Expanded 
in any required ratio* or of any given temperature, without 
the neceflity of ever having the ilcam of any greater elaf- 
ticity than equal to the preflure of the common atmo> 
sphere. 

" Another improvement which I make ufe of in /learn- 
(engines confi/ls in a method of preventing, as much as 
.po(Iible» the pa/Tage o( any of the (learn from that (ide of 
the pi/lon which is adled upon by the faid (leain to the 
cither (ide which is open to the condenfer; and this 1 c/- 
fcdlt in thofe fteam-engines known by the name of double 
engines, by employing upon or above the pi/lon niercur) 
or fluid metal, or metals in an altitude equal lo the pre/rure 
of the fleam« The e/licacy of this arrangement wilt appear 
obvious, from attending lo what mu/l take place in working 
fuch a piflon. When the pidon is a/cending, that is, when 
the (learn is admitted below the pidon, the fpace on its other 
fide being open to the couden/'er, the deam endeavouring to 
pafs up by the fide of the pdlon is met and effedtually pre- 
vented by the column of metal equal or fuperior to it in predure, 
and during the down droke no deam can po/libly pafs without 
fird forcing all the ruelal through. In working what is called 
9 Angle engine a lefs confrierable altitude of metal is required, 
becaufe tlie deam always a^ts on the upper fide of the pidon. 
For finglc engines, oil or wax, or fat of aniiiialsy or limilar 
fubdances, in (ufficient quantity, will an/'wer the purpofe, if 
another ijnprovemeut, which coiiditutes part of my faid in* 
vention, be applied to (lie engine, namely to take care that 
in either the double or (ingle engine fo to be worked, the* 
outlet that conveys the deam lo the condenfer (hall be fo po- 
filed, and uf fuck a fiz?,, that the deam may pafs witliont 

forcing 
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toeing before i*l or carrying with it any of the metal or other Woolf's 
(l^tlance employed, lliat may have pafTed by the pifton; taking 
care at the fame to provide another exit for the metal or other g’mes. 
fubftance colIt*6led at the bottom of the fteam vefled or working 
cylinder to convey the fame into a refervoir kept at a proper 
heat, whence it is to be conveyed to the upper fide of the. 
pifion by a (mail pump worked by the engine or by any other 
contrivance. In order tliat the fluid metal or metals ufed with 
the piflon may not be oxidated, I alw'ays keep fome oil or 
other (iiiid fubllancc on its fiirface, to prevent its coining in 
contact ^ith the atmofphere ; and to prevent the ncceffity of 
employ ing^a large quantity of fluid metal, I generally make 
xny piflon of the depth of the column required, but of a dia- 
meter a lit‘Ie lefs than the fleam veflel or working cylinder, 
excepting where the packing or other fitting is necetfary to be 
applied ; fo that, in fat^, tlie column of fluid metal forms only a 
thin body round the piflon. In fome cafes I make a hollow 
metallic piflon, and apply an altitude of fluid metal in the 
infide of the working cylinder. 

** It may be ncceflary, however, to fiate, that in apply- 
ing my improved method of keeping the fleam veflTcls of fleam> 
engines at any required temperature to the engine known by 
the name of Savary’s, in any of its improved forms, in which 
a feparate condenfer has been introduced, I fometimes employ 
oil (or any other fubftance lighter than water, and capable v* 
being kept fluid in the temperature employed, without being 
converted into vapour,) in the upper part of the tube or pipr. 
attached to the fleam velfcl; by which means fleam of any 
tcm,perature may be ufed without being expofed to the rilk 
partial condenfation by the adniiflion a! any colder body into 
the fleam veflTel ; for the oil, or other (ubftanre employed for 
this purpofe, foon acquires the req lifite temperature ; and to 
prevent unnecetTary efcape of heat, I conflrudt of', or line 
with, an imperfect conductor of beat, that part of the tube cr , 
pipe attached to the fleam veflel which may not be heated ex- 
teriorly. And furiher, (as is already the practice in fome en- 
gines, and therefore not cxclufively claimed by mfi,) I caidc 
the water raifed by the engine to pafs off through another a(- 
cending tube than tlie one attached to the fleam veflTel, but 
connedled with it at fome part lower than the oil or other 
flibHance employed in it i** ever foiTered to defeend to ir. the 

working 



S20 


MaCN£S1AN eaata. 


working of the engine. The improvement which I have juS 
mentioned^ of introdacing oil into the pipe attached ^ 
the ileam veil'd of fucli engines, may alto be introduced 
without applying heat externally to tlie ileam veflel ; but in 
this cafe part of the efFedt which would olherwife be gained 
is Ion.” 


V. 


The earth of 
Baudiflcro ana- 
tyied. 


On the Ma^nefuin Earth of Baiidijfero. Bj/ M. Gioiiert. 
(Concluded fron Page 184.) 

To afeertaiu the proportions of thefe coniliUicnt parts o( 
the magncfian earth, we lixiviated a given weight of it, and 
precipitated the fulphuric acid from one part of it by acetite 
of barytes, and the lime from the other part by oxalate ol 
ammonia. 

It contains, be- weight of the oxalate of lime, and that of the fiilphatc 

Bdes magnefia, of barytes, obtained from it, fliewecl us that it contained 
fclphaic of lime, fulphate of lime. The experiments before recited de- 

filex, termine tlie proportion of the tilcx contained. 

—and carbonic prove that of the carbonic acid, we both calcined a given 

acid, weiglit of the earth in crucibles, from which fyphons patfed 

Into bottles containing lime water ; in order that the carbonic 
acid gas furniQied by the earth might be precipitated, and alfo 
dilTolved conddciablc quantities of it in acids by the a6lion oi 
heal, and received the gas produced in bottles filled in like 
manner with lirnc water; the tirft method produced conflantly 
tl.c moH. TIic caibonate of lime formed in thefe different 
experiments apprized us that 100 parts of the earth contained 
from 8 to 12 of carbonic acid, and rdmetimes a little Icfs in the 
flony fpecies. 

water. If this weight of the carbonic acid be dedu61ed from the 
lofs of weight w'hich this earth fuffers by the calcination in the 
fire, which was mentioned before, we (hall then have the 
"'quantity v)f w'alef which the earth contains. In collefling the 
refults of the different experiments, it appears that the earth 
of Baudiflero is compofed of 


Magnefia 



magnesian SARTlf. 


Magnefia • - .68 

Carbonic acid - - 12 

Silex ... 13,(>0 
Sulphate of lime - - 1,6'0 

Water - - - 3 

100,20 

It is from there refults that I denominate this earth native It may be called 

magnefia. It is doubllefs found mixed with a little filex; bul^‘* propriety 
7 . 1 r • . * • « 1 naUre rn.igncha. 

It tlie title of native alumen is given to the alumcnous earth of 

Halle in^axony, which contains 2 !• parts of the fulphate of 
lime; if thdiname of native magnefia is given to that of Mo- 
ravia, announced by Mitchael, of which 100 parts contain 50 
of carbonic acid; it appears tome that the earth which 1 de- 
feribe has a much better title to the name which I have 
given it. 

The earth of Baudifiero affords a fubjefl for interefting ob- Suppofed m be 
fervations in the invefiigation of its origin. Many facts decompofition^'of 
me to believe that this earth and the Corncen fione or Cacho- the Corneen 
long, deferibed and analyfed by my colleague Bonvoifin, 
both of the fame nature. It appears to me that Cacholong at 
u certain point of itsdecompofition forms what Bonvoifin calls 
the hydrophane of Piedmont, and that in its complete decom- 
pofition it forms the magnefian earth of which 1 here give the 
analyfis. Bonvoifin has declared himfcif of an opinion pre- 
cifely contrary to this ; for he has fuppofed that this earth, far 
from being the product of the dccompofition of Cacholong, 
is the element of its formation. Our colleague Gioanetti is of 
the fame opinion. In ihefe two Iiypolhefes, the change of 
one earth into another is man! fell, that is to fay, the change 
of filex and alumen into magnefia in my method of confider- And therefore 
ing the matter; (for it is principail) of thefe two earths that *1^^^ 

Cacholong and Hydrophane are compofed, from the analyfis j, 
of Bonvoifin ;) and the change of magnefia into alumen and magnefu, 
filex according tt the hypothefis of Bonvoifin and Gioanetti, ccon* 

As this fubjedl appears to me to be very interefting, I intend 
to make a comparative analyfis of thefe ftones at the diftcr- 
ent degrees of their decompufition or entering into the Bate 
ot agate (agatijation) which (liall be the fubjedt of another 
memoir. 

VoL. XII. — Supplement, 
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There remains yet for me to examine the economical ufes 
for which this earth may be employed. / 

The experiment which I related in the beginning of tfns 
memoir, of (he decompofition of the fulphate of iron by this 
earth, which produced an excellent fulphate of magneiia, in- 
dicates one of the methods in wliich it might be ufed to ad- 
vantage. 

Sulphite of mag- Twenty-five pounds of fulphate of iron coft only three francs 

i^a^ured while the price of the fame weight of fulphate ot 

from it to ad- magnefia is eight francs from this it follows tliat this procefs 
vantige by the may he followed to advantage. To this may be ad&ed that 
fulp^hatc^o*f iron, fulphate of nmgnefia of commerce, being ii^jpure, and 
deferibed before, mixed with much (ulphate of foda, cannot be compared to that 
Sat'of which may be procured in this manner, which equals the befi 

merce in general, fait from * * canal; fo that in this comparifon the more pure 
fulphate of magnefia thus obtained, may be valued at ten francs 
at leafi, and in reality is worth more. 

This however is not the beft method to purfue, when the 
operator has it in his power to follow the others, which I am 
going to recite. 

The following experiments make known two procefles much 
more economical. 

In the firfi experiment I took two pounds of the earth of 
BaudifierOi reduced to a coarfe powder, with the fame quan- 
tity of the fulphuret of iron of Brozo reduced to powder in 
like manner, I mixed them together carefully, and treated one 
half in a crucible on the fire, and the other half in an iron 
capfule. - 

Or by pounding 1^ both the mixture heated (o rednefs emitted fparks, efpe- 
thefe and heat- cially on being fiirred. It Teemed to become reduced to a 
powder; a fort of boiling took place, produced 
doubtlefsly by the difengagement of carbonic acid, and here 
and there appeared fiames of fulpbur, which burned without 
exhibiting any fign of (he production of a fulphuret. The 
fulphurous odour was not however very troublefome, from 
whence it appeared that the magnefia abforbed with readinefs 
the fulphuric and fulphurous acids in proportion as (hey 
were formed by combufiion. The mixture became of a black- 
ilh grey, or roofe properly a black ; but which appeared grey 
from the white particles which Hill remained mixed with it. 

After 
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Afier being left three hours to cool, it was moiftened with Leaving to digeft 
\alerand put away till next day, a part of it was then lixivi- 
alcd ; the f<»Jution being made clear and treated with ammo- cold water, 
uia, ^ave an abundant and very white precipitate. This cir- • 
cumlldnce indicating that much of the magnefta was combined 
with fulphuric acid in (he operation, all the remainder was 
lixiviated. The very clear lixivium, evaporated properly, 
produced at the Brd cryflalization a pound of fulphate of mag. and cryftalUing, 
nefia in hcaiitihil cryftals. The remaining liquor gave on fuc- 
cetTivc^evaporations a pound and half more of the fame fait 
in fine cr^fials, very dry and very white. The liquor pro- fine cry ftatc iiv . 
duced tryllals lu the latl drop, and the mother-water never 
becairse foul. The motber. 

The mixture wliich remained after lixivblion was roafted evapo- 
a fecond time, and again produced fulpliate of njagnelia : It gives cryftals to 
was then thrown away, although apparently it would have drop, 

yielded more fulphate of magiu fi i after another lorrificalion. agalnand 

In another experiment, pure tu'phur was uled infiead of the re Hxiviatcfl 
pyrites; it was eafy to forefee that the refuU would be 
fame; it was however definable to prove it; and the refult Pure fulphur 
was perfcaiy falisfaaory. Strife'../ 

The ufe then which may be made of thf-^ e:itli, corfifh ir 

forming with it fulphate of niagnella. The meu' ^ i.y !],(;} " wt-ll. 

.1 • I J , V nr > n-it f. • 1 roceli tur flll- 

(liis may be done are perhaps tiie mott (imp.;* potuoie. It is ^^f n,3g. 

fufficient to reduce to powder the earth and the fu’phur, or imhi* large 

the fulphurct of iron, where it can be cafily procured, as may nelian earth *^d 
be done at Baudiflero. Thefe fubfiair-cs fliould be mixed in pyrites, fimilar 
alinofi equal parts; for it is ufeful to proceed with an excefs^“ 
of the earth, and the more fo, as its coft is almoft nothing : 

The mixture (houKl be torrified in an oven or kiln, heated to 


the degree at which fulphur inflames, and when there appear np, 
more jets of fulphurous flames, the kiln is to be left to.copl* 
The matter being then drawn out (hould be raolflcned with 
water in cifier* s, and left for feme days, only taking care to 
flir it in that time. 

The part of the. fulphur which in burning had only pafled to 
the (late of fulphurous ajcid, oxigenates. gradually, tr the fait, 
which at firft was but a fulpbite changes to a iuiphate. The.^ 
matter then to be lixiviated, in the fame manner that is ufed 
for- nitrous earths, the liquor fufliciently evaporated, and left 
to cry tlalize by cooling. 

V 'j Another 
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proccfs Anotlicr mcliiod may be followed in places where fulpliurcts 
where j^ntM arc worked ; or where, as at Brozo, there is a manufacture 
burned. fulphate of iron. The kiln, where the pyrites arc burned, m?^ 

bc^covcrcd*wlth covered with an licap of the magnefian earth ; the fulphu- 
Heap of inag> ric ackl, which 1$ difengaged will be abforbed by the nyitgne- 
nefun earth. pjg . advantage of putting an end id the complaints 

of the owners of properly near the manufacture, will be added 
WWch whcHt^ that of fulpluiting the magnefia, from which the fait may after* 
wards be procured by lixiviation. This laft procefs, if it were 
may be HxivI- introduced into the manufactory of Brozo, would produce the 
fulphate of magneiia of commerce at a very moderate price. 

As the magneiian earth of Baudiflero forms aiy^xcellent 
porcelain with filex, it prefents befides an interefting fubjeCt 
for refearch relative to the fabrication of pottery. With this 
earth and a quantity ot the argillaceous caith of Caflellaniontc 
aad mixed with fufficienl to unite it into a paftc, 1 formed fome crucibles and 
argil forms cru- Thefe crucibles were expofed tor -U liours in the 
herd* . furnace of the glafs«houfe of Po. The earth-; did not leem to 

have formed a fullicient union; neveTtbclefs the haidncfs of 
the crucibles was fuch that they could not be afTcclcci by the 
fde. Doctor Gioanetti, who is now engaged in manufacture 
of flone-w'are polteiy, will hereafter throw light on this fab- 
jea. 

1 end this part of my memoir with obferving tiiat the trials 
which I made of this earth as an ablurbcnt in veterinary medi- 
cine iucceeded perfectly well. 


ated* 

Tke magnefian 
earth ufetui for 
poreelainand 
pottery. 


Additions to the preceding Me?noir, hy the fame. 

The earth of Fartlier refearches which I made on argillaceous oartlis have 
Caftellamonte given me to undcrflaiid that the earth of Baudiflero is not the 
Baudiflero. only one known that confitls tor the molt part of magneiia. 

The fame kind is alfo found at Caftellamonte, a large village 
near that of BaudiflTero, 

M. Bertoline, doCtor of medicine, one of the moll eminent 
of my pupils, having repealed the detail of the experiments 
w'hich wc made at the general fchool of chemiflry, invited us 
* to eflay a particular earth of Caflellamonte, his country, which 
he thought would furnifh ihe alumcn which was fought for un- 
fucccfsfully in the earth of Baudiflero ; foon after, by the caic 
of M. Onorato, furgeon of who is the pro- 

prio 
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priclor of the land where tliis earth is found, I received a large 
^antity of if, and we examined it comparatively with that of 
mudiffero. 

Tt)e carih of Caftellamonte, which was brought to us had When firft dng 
jiearl^he fame appearance as that of BaudifTcro; but fcre^nn^ccdour# 
it is firft dug up from the ground, it has on tiie other hand dif- 
ferent external appearances, which feem to depend on the dif- 
ferent degrees of decompofition of ilie Cornecn Bone or 
Cacholong, which is found at Caflellamonte as well as at Bau- 
differo. 

Tiie colour of this earth is a white inclining to blucitli. In 
a inafs thi^earlh is opaque ; but when fmall fragments of it of 
a minute thicknefs are examined, they have a femi-tranfpa- 


reney. 


In tiiis refped it has a ftrong refcmblanre to horn; it is very RefemWes horn, 

loft, and may be cut with a knifo like hard cheefe. It is more 

. chceie, more 

uncluous to the loucli, and a little more adhelive to the tongue unftnous, and 

than th*e Ciirlli of Baudiirero, the*to? uTtban* 

Treaieil with the acids, like the foft fpccics of BaudiHero, the firft. 
it becoiDcs diluled, and then diffolves, but has however a Boes not eiFcr*» 
very lesnarkal/ie difference, wliich is that it diffolves in all with acids, 

acids vvjlijout the leaft effervefcence. 


It alfo does not yield the lead appearance of carbonic acid 
on expofing it to (he fire in clofcd veflels furnifhed with f}- 
phons, whic h communicate with lime water. 

This earih, like that of Baudiffero, does not contain the 
lead trac’C of alumine or of oxide ot iron. 

It confains, fimilarly to that of Baudiffero, a little fidphate Condth of tfis 
of lime and muriate of niagnefia, which may be feparated by 
iixivialion in w'afer. 


Tlie remainder confifts entirely of magnefia and but But contains 

the proporlion of ihisIaB is greater in it llian in that of Bau- ^**‘^*' 
dilTero. It may be computed at from 10 to 20 hundredth 


parts. 

When this earth is kept in contact wdth the air its external Changes its ap- 
, - , pearance on cx- 

charafters change. pofurc to the 

Its colour becomes by degrees a dull white, the fame as has air, 
been remarked of the earth of Baudiffero. ^ whke j 


Its femi-lranfparence is loB; its particles feparalc, and in Lofes iC& fetni- 
two or three weeks it is found to have abforbed carbonic acid 

that degrae as to mak<* as marked an etfervcfcence with the home acid, fo as 

acid eft’ervefe w.th 
acids, and be* 
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eailh of BauldilTero, In a word, il is completely 
lew, with as this laft, will) this foie difference, that phyficallY 

Imatl difference cotifidered it is lefs compact, and" becomes even friable, atfd 
ciiemically confidered it contains a little more (ilex. 

' It appears then to be well proved that the earth Bau- 

rllfTero and that of Caflellamonle are each a true native mag- 
Dcfia, mixed with a little filex. In the earth of Caftellamonte 
it is fufficienlly demonftrated that it contains no carbonic acid 
when in the bofum of the earth ; and that it only contains it 
wheOy after a long expofure to contact with the air, it can 
nbforb it from the atniofphere. That of Baudiffero amtains 
Earth oFBau- f^uth carbonic acid, but the quantity is much infejNor to that 
differohas not virhich it ought neccffarily to contain to be conildorcil a carbo- 
be carbonatc^of magncfia ; betimes the earth of Buiuliircro having been 

magnefta. worked for u I(uig time, and being thus in contad with the air, 

* it is from tlie almorphere it niufl have dr.iwn it, and that in 

If dug from a pioporlion to the time ii ii.is been expoleci ; al lead I have no 

earth of E.iutliflVio was dug up Irom a cer- 
contain no car- depth, no carbonic at id would be lound in it, 
bonic acid. I will conclude this addition to the memoir, by oMlTving 

Ic^^'prob^bfr iJiat the earth (d Mufiuct at C’afclette, being produced by the 
magnefian a!fo, dccompofilion of the fame C'orncen Hone or Cacliolong, ought 
alfo probably to be a magncO.ni carlii ; biu 1 have nut yet 
made any experiments cn ihi'. earth ; Doctor Bonvoifin, who 
has given the analyfis of it in its date of Cacholong and Hy- 
Thc author pro^ dfophane flone, propofes in conjunction with me to repeal the 
pofes to analyfc aiialyfis of this flone, in the true flate above-mentioned, and 
Hydropbiw"*^ in its earthy (late ; which thall be the fubjefl of a particular 

and write a ine- memoir. * 
snoir of the re- 

* The laft ufe which Mr. Giobert mentions for magnefian earth 
is of the moll confequence of the two, for as fiilphatc of magncfia 
is only ufed in medicine, the fib’ could not be fulHciently extenfive 
to produce much profit on a large fcalc. 

The life of this earth for pottery is the more defervingof notice, 
as it has hitherto been fuppoftd tliat argil was alone proper for this 
purpofc 5 and though it was long known that magncfia is of a very 
refraflory mpurc in the fire, Mr. Giobert teems to be the firll who 
thought of ufing it in crucibles ] which is the more extraordinary, 
as the lapis ollarisf which derives its name from its property of lerv- 
^ing to make utenfils to bear the fire, is well known to contain a 
]ar|;e proportion of snagnefia, 
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Commumcaiion on an artificial Tan prepared fron Coal^ 
dta\fd Wood, refinous Subfiances, Abridged from the 

Original of Charles Hatchett, Efq. R /?. *9.* 

HATCHETT firft notice^ that the natural (anmn Flrft dlfcovery 
was firft extracted from the matiets v\hich contain ity by w . 
Mr. Deyeux, who confidercd it a ipccies ot refin; thatDeyeux. 

Mr. Squill firft difeovered it to be the fubflance which 

in the proceis of tanning renders animal Ikins infoluble in 

water, ani iinputrefcible ; but that Mr. Chenevix alone had 

noticed the eftedi of heat in giving coffee berries the power 

in decodlion of ptccipitating gelalen. He then ftates, that Refalt of cx- 

hls experiments on lac, aiul forae of the refins having the wed 

iiim liie powerful adiion of nitric acid on fuch fubfiances, in- induced others 

tluced him to try its cffedl on afphaltum and jet; thefc with 

U lorined a dark brown (olulion, and a precipitate, which by nitric acid. 

digeftion in another portion of the acid became diftblved, 

and on evaporation produced a yellow vifeid fubftance foluble 

in v>u(er and alcohol, and pcrfedtly fimilar to that obtained 

by fimilar means from the retins, excepting that when burned 

it had the colour of the fat oils. This refuU led to the fuppofi* 

lion, that the dark brown iblution was of the carbonaceous 

As native magnefian earth would doubtlefs be of great ufe to the 
pultcries of this country, it is a pleafing confideration, that it is 
extremely probable it may be found in England, as well at on the 
Continent ; for not only fteatites and other magnefian ftones have 
already been difeovered here, hut that fait, which it is M. Giobert'f 
principal object to manufacture, is the natural produce of this 
country, and therefore rhe neighbourhood of Epfom, which gives 
it iu name, may well be fufpefled ut containing beds of an earth 
fimilar to that of Baudifl'ero. 

There is info Ibme reafon to fuppofe, that this earth may be one 
of thoie ingreoients in china-ware, which the Chinefe endeavour 
to keep fecret; indeed it is hardly probable they fhould be ignorant 
of its ufe, in a country, where the fineft earthern-waic has been 
manufactured in the greateft perfection, from periods antecedent 
to the dates of the authenticated hiltory of Europe, and where of 
courle experiments relative to the compofition of this article, muff 
have been varied to the greateft extent. — B* 

* Phiioft Tranf. Ib03. 


matter 
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Pit-eoal treated 
la the fame 
manner. 


malfcr, and that the yellow precipitate was the efle|||al part 
of the bitumens^ which was conhrmed by refults from amber : 
feveral experiments were tried with various forts of pit«c^, 
from all which the brown fulution was obtained in abundance, 
but tliofe which contained little or no bitumen did nqf yield 
the yellow precipitate. 


Procefs with the CoaL 

100 grains of coal, in eadi experiment, were di^^efted in 
an open matrafs in a fand heat, with an ounce of nitric acid 
(of the fp. gravity of 1.10) diluted with two ounces ot*^\’ater, 
wrhich when warm produced efrervcfcencc, and /lifcharged 
much gas ; after two days, a fccond, and foraetimes a third 
ounce of the acid was added, and the digeftion continued for 
five or fix days, when nearly the whole was dilToIved, except 
the precipitate which was conftantb feparated. 

and charcoal. Charcoal was next tried, which ditlolved more readily than 
tlie pit coal, and left no refiduum. 

The feveral folulions from afphallura, jet, pit coal, and 
charcoal, w’cre evaporated to dr}ners gradually to prevent 
burning the rcTidue, which from all were of a glolly brown 
fubHancc, of a refinous fra61uie, and had the following 
properties. 

Properties of the I. They were fpeedily difTolved by cold water, or alcohol* 

Ibfutions^ 2. Their flavour wasaftringent. 

^ * 3. Expofed to heat, they fwelled mucli, and gave a bulky 

coal. 

4-. Their folulions in water reddened litmus paper. 

5. And gave copioufly precipitates from muriate of tin, 
acetite of lead, oxy-fulphate of iron, of a brown colour, 
except the tin, which was dark grey. 

6. They precipated gold in llie metallic ftatc from its 
folution. 

7. They alfo precipitated the nitrates of lime, and of 
barytes, and other earthy falls. 

8. The fixed alkalis, and ammonia added at firft, deepened 
their colour, and afterwards made them turbid. 

9. They taufed precipitates from glue or ifinglafs folulions 
jn water, more or lefs brown according to their ftrength, 
which were foluble in cold and boiling water, fo that in their 

edenlial 
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effenlial properties they proved firailar to Ihofe formed by the * 

i(grieties of tannin hillierto known^ except that they contained 
no^allic acid or mucilage. 

Animal coal from ilinglafs was alfo tried in the fame manner, Refidnumof 
this dnfolved very flowly, but loft a little of tlic coal 
changed, its Ibluticn was of a deeper colour, and managed as qualities, nearly, 
the others deferibed, produced iimiiar effcdls with the re- 
agents, except Tome difference in the colour of the precipi- 
tates; and alfo gave an infoluble precipitate from the folu- 
tion of ifinglafs; by which the curious is proved, that 
one portion of the tkin of an animal may be made to convert 
another int^ leather. 

Coak gave a h)^ution refembUng that of pit coal, but did and of coik airo. 
not produce the fame yellow precipitate. 

Thefe experiments (hew, that the tanning fubnance is bed Tannmgfub- 
procured from carbonaceous matter when it is uucombined curcd*^from Tar- 
with any fiibfiance but oxigen; which was confirmed by “ncombjncA 
experimenis on llovey coal, Suffex coal, iSurtuiband 
Iceland, and deal fiiw-dufi, which being dillblvcd in nilric 
ac’id, and evaporated, the refiducs diffolved in water, neither 
precipitated gelat<‘n, or flicwed any other figns of tanning 
rnaltcr; but wiicn the fame materials are charred, and 
treated as before deferibed, they coploully produc(‘d the 
artificial tan ; as did alfo teak w'ood, which Mr. Hatchett had 
proved to contain neither tannin or gallic ai id in its un- 
charred flate. 

Mr. IJatcliett had made fevcral experiments on the flow’ Carbonization of 
carbonization of vegetable matters in the humid way, princi- by^fulphuric*^ 
pally by fulphuric acid, occafionaliy diluted. Concentrated acid, 
fulphuric acid poured on any rclinous fubfiance reduced to 
pow'der, diffolves it in a tew minutes ; the foliition is tranf- 
parent, of a >eIlow' brown colour, and a vilcid oil-like con- 
liftence, but alter being placed on the fund bath, grow? darker, 
evolves fulphuric acid ga*’, and at laft becomes a thick lic[uid 
of an intenfe b'.ick. 

Sulphuric acid of the above flrcnglh poured on common of fulu- 
luipentine dillblves it readily, if a portion of flic folution is tine in faVnurlc 
then dropped into cold water, a precipitate of commbn yellow acid dropped int® 
rciin is formed ; if after another hour or two, another portion 
is treated in the fame way, the refin produced is of a dark 
browui and that thus formed from a folution that has flood 
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live or lix hours, is completely black. When the digeftion is 
c ontinued for ieveral days, until no more gas is given ouU 
the reiin will be converted into a black porous coal, 
does not contain any refin, if the experiment has been pro- 
perly conduced. This coal was about 43 per cent the 
reiin ufed, and after being expofed in a plalina crucible loofely 
covered to a red heat, ilill amounted to 30 per cent, and by 
the flownefs of its combuflion, and other circumftances, ap- 
proached nearly the chara6er of ionie n^ineral coals. 

A portion of the coal, the black rcfin, brown rcfin, and 
yellow rcfin obtained from the turpentine deferibed, and alfo 
fome of the turpentine ilfclf, were each difiblve^ in nitric 
acid, and reduced to drynefs; the refidua, which varied in 
colour from yellow to dark brown, according to the fubfiance 
employed, were dilfolved in water, and examined with 
ifinglafs and other reagents. 

The folution from the turpentine refid uiim, that of the 
yellow rcfin, and the brown rcfin, did not precipitate 
gelatcn. 

That from the black rcfin yielded a confiderable portion of 
the tanning fubfiance, and that from the coal afiorded it in 
great abundance. Hence it appears, that Ihefe fiibftances 
yielded artificial Ian only in proportion to their converfion 
into carbon. 

Various kinds of wood, copal, amber and wax, reduced 
to coal by fulphuric acid, yielded iimilar produ6ls on being 
treated with nitric acid. 

Mr. Hatchett formed the artificial tan from the refins, and 
gum refills (fiich as common rc^fin, elemi, airafGetida, &c.) 
when reduced to the fiate of coal from long digefiion with 
fulphuric acid, by means of alcohol, without ufing any nitric 
acid : In the carbonized ftatc mentioned, they are digefted 
in the alcohol, a portion is dilfolved, a dark browm folution 
is formed, which by evaporation yields a mafs foluble in 
water as well as in alcohol, and which precipitates gclaten, 
acetite of lead, and muriate of tin, but produces only a flight 
on oxy-fulphate of iron. 

The author luppofes, that the tanning matter known to be 
evolved by peat in certain places, is etfefted by a procefs in 
fome refpedis iimilar to the above, finceif it was produced by 
its mere digeftion in water, all peat would afibrd it, which is 
contrary to experience. 


Mr, 
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Mr. H^lchett put his difcovcry to the left of real praflice. Leather maSe 
I^vinjr actually converted Jkins into leather the artificial 
prt>yire(l as delcribed, but obferves, that the produ£iion of 
fh ^ fubftaiice, for the prefent, muft be confidered only a 
ciiriou\cIien)icaI fa^t, not altogether uniinporlani, and not 
cap:iMe ot economical application^ though he iiopes, that of its 
heieatur a pnK-^fs may be dilcovered hr preparing thi^‘ ^®^?™*^**^**’®* 
fpecics of tan ruflicientiy cheap to enable tanners to ufe it 
in their bafiiicls. 

There reafon to fuppofe, that it would be fuperior toRcafonfor 
commow tan for purpofe, as it appears from experiments Jf'lnking it 
pe;ni,;.ned ^i Mr, Hatchett’s fecond papei on the fame fubjed 
(whieli will be given in the next number) that “ lolulions of 
thi! ari:fi'*ial tanning fubftaricc feem to be completely impu- 
tr<*!tible, neither do they ever become mouldy like the ini u- 
fions of gai^f fumacli, catechu, &c/’* 


VIL 


Memoir on the Difcoveiy of a FaHitiom Puzzoluna, prefented 
to the frcnc/i National Jnjiihite, by M, Do dun. Engineer in 
Chief of Bridges and ILghicaya in Eiance'\\ 


The (lepofitcd duft of ancient volcanic fublfances, has been Faftltious puz- 
long u(e»i in 1* landers, and the adjacent countries, as a fub-*®*®”®®^ 
llitute for the lialian puzzolana, under the name of trafs, or ^ * 
ajhes of Tournai, 

M. Faujas has proved by decihve experiments, made by that of Fzujay, 
order of government, that certain lutulent eruptions of 
ancient volcanoes at \ ivarais^ liad the fame qualities as the 


The peculiar fanning piojurtyof the water of certain peat 
bogs and mora/fei;, may be cthcrwil'e accounted for, than by Mr. 
Hatchett’s fuppoftion, by the fa5t, that peat is not uniformly the 
produ^ion of the fame vegetable fubftances ; wherever heath, 
tormentil, and perhaps fome other plants, are found in abundance, 
the peat water will have this quality ; in the cafe of heath, at leaft, 
it cannot be doubted ; and perhaps the peat which does not yield 
tan may owe this deficiency to the total ablcnce of vegetables of 
this fpecics. — B . 

t Journal Ue Fhxfiptfy Tom. fil. 

puzzolana 
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tiiatofM. puzzolana of Italy, and might be ufed inftead of it.. M. Bagge, 
a Swedci is alfo known to have compofed an artificial pua^- 
lana cement^ with a black, hard, and flatey fchifl ; but /nti) 
1787, no one ever thought that the territory of France con- 
tained in abundance non-volcanic fubfianccs capable m taking 
place of the Italian puzzolana with economy and advantage. 
M. Dodun dif- 'The difcovery which I here prefent has, like many others 
chinwu utility, been the effeft of chance. 

The habit of examining the nature of ftone in its bed, which 
enables the obferver to judge of its qualities at fir(l figld, fixed 
Saw great beds my attention on an immenfe quantity of calciiorm fragments 
of temgunous ihickneff, 

oxides at Caftel- ^ n • , ^ 

naudery, following cxa6tly the parallel! fin of the (ligiitly inclined dc- 
Obferved burnt clivities, in the neighbourhood of Caftlenaudery. I per- 

fiddTlikTcoixN^ adjacent fields many fubfiances of the fame 

paftiAva, nature fcattered over the furface of the earth, of violet, 
brown, and black colours, which from their appearance, had 
a perfeft refemblance to compact lava, which feemed ex- 
traordinary in a country where there was no appeafanco of 
ancient craters, or of volcanic eruption*?. Thefe 1 loon found 
out had been brought to lids tlalc by ferving as Iicarth«5, or 
enclofures to (he fires kinclicd in the fields by the peafanls, 
either for agricultural purpotc-?, or pcrfonal convenience when 
they watch their flocks in winter; as I faw foon alter many 
fimilar arranged by hand on one another for thefe purpofes. 
whith fimilaritv The fin.ilariiy of thefe fragments to volcanic products 
them excited my defire to form a cement from them, by treating 

puxzoiana. them in the fame manner as puzzolana earth. The great 

quantity of iron wliich thefe oxides feemed to me to contain, 
the abunda*3ce of their iiliceous particles, and the alumen 
which evidently entered into their com pofi lion, their great 
weight, and their non-cffervefccnce with acids, allogcllier 
made me prefiime, that the cement formed from them would 
bind under w^ater, and my expeflation was not deceived. 


Convioced by 
long experiments 
of its fupenonty 
to the Italian. 


Fifteen months fucccflive experiments, to difeover the 
proportion of lime which this oxide would abforb to harden 
in water, without cracking when in the air, have convinced 
me, that my fadlitious puzzoluna had all the good properties 


Propofedfor ufc of that of Italy, without its faults. At this time 1 determin- 
ed to propole its ufc in Ibe public works, and demanded that 
comparative experiments (liould be made between it and 

the 
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Uie Italian puzzolana, in prefence of Ihe Commiflaries of the and tritd cefti- 
Pjfovmce of Languedoc, and of the Diredtors of the canal 
wlii^ joins the two Teas, Great bhx^ks of com pofi- of Languedoc, 
tion made with both cements, were thrown into the refervoirs die retervoir 
anjacent^to the lock of Saint Roth, at Caflelroandery, being st. Roch. • 
firft plaiftercd over with the refpeclive compoiltions 
Six months after, the water was drawn olF from the bodies Its fuperiority 
of mafonry, and it was tlien feen that the fadfitious puzza- 
Iona had accpiired a folidity at leaft equal to that of Italy, 
i lie plaiftrr made with (he Italian puzzalona was cracked 
and chapped, but that formed from the la6lilious kind had 
entirely prejjrved the unity of its furface. 

The dates of J'.tats ol Languedoc altogether convinced of Teftimony In It* 
the aiithenlicil} of tills dilcovery, by the refults ol the com- 
parative (rials, ol bolli kinds ol cement which they had feen, guedoc. 
and by the certificates ol* fheir commiiraries, and perfuaded 
of the great advantage it would be to fVance, decreed in 
I7St), in their laft meeting, that the fatlitioiis piizzolana 
tliould not only be ufed inlicad <»f liic Italian in the works 
under their direction; but moreover, that it flioiild he 
demanded in favour of (lie author of it, as a tcftiinony ol 
public gratitude, (hat government fliould authorize the iice 
i irciilatjon of it every vsbere. 

The great conlumptien of tills factitious puzzolana obliged work* 

mo to exlcnd its inanufadture, 1 formed a iiarinerfliip w nli 
(he proprietor i.f the ground. The foundation ol an eftablifli- 
ment on a great icale was bid at tlie mountain itJelf where 
the materials were found. I’be works carried on in its 
vicinity were likely to larthcr reduce the coft of llie article, 
which was already one half Ids than that ol Italy, . and 
the public w^erc about to enjoy the advantages of tins manu- 
ladure, when Ihe revolution paralyled every thing. Stopped by the 

In 1791 I informed the confliiiient aflenibly of this The^dilbovcry 
covery; (he ccrliticiUes whieli proved it, and the rclults ofdcclarcdto the 
the experimen!.. 1 ere depdilcd attheofEce; » he matter was jonaituent af- 
ordered lo be examined by M M. Pelletier and Ilerthollet, ^ 
and the aflembly confiderlng, that this factitious puzzolana 
might be of the grcaleft ufe lo France, decreed that 2000 
Irancs ftiould be granted to its author, which was paid ac- 
ceidingly. 

On 
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On ibis occafion the celebrated Mirabeaii declared the 
difeovery to be lb valuable. ** that if it had not yet been made, 
public cncoura»a?ient fliould be held out to excite it.** * 

The Conftituent AlTembly wilLied to have numcrous/fimilar 
eftablifliments fot on foot in France, fo well were lliey con- 
The tr«mbles^of vinced of ils national importance ; but the misfortunes of the 
themanufa^ure^'”'®^ prevented the execution of a project, which ihc grand 
of it* Chief of the empire may eafily realize, to the advantage of 

the country, whenever it feems good to him to do fo. 

Kefearclics on the amelioration of our cements, a/ul parti- 
cularly on the nature of the materials proper to form artificial 
piizzolana, led me to try the calcination of v/ioiis fchifts, 
of the bilumcnous, ferruginous, and argillaceous forts. 
Ewminatian of The black llatey fchift of JVI. Hraggc, fo common in France^ 

difttrent Ichifts. forgotten : it is almofi the fame as that which the 

elder M. Gratliieu elTayed at Cherbourg lafl year ; but I have 
Contain too little con dandy found that thefe fchlfts always contain too little 
^ perceived that their repulfion of the water was flow 
and feeble, and that their folidilication in the water was owing 
to the good (jualily of the lime, 

I was thus obliged to recur to my quartzofe oxides of iron, 
from their containing a greater quantity of ferruginous prin- 
Puizobnas owe cipies ; and can aver with (he tkilt’ul Foujas, that the puzzo- 
thHnin^con- property of hardening in water folely to the 

tained. ferruginous particles which they contain: of this 1 have had 

many proofs. 'l’hi>- truth is farther demonftrated in the pud- 
ding-fluncs, the brefeias, and generally in all the amygdaloides 
with a ferruginous bafe or cement. 

Theory of ce- The theory of our cements is but little advanced ; perhaps 

we taW Ample conjeclurcs for proofs relative to them. VVe 
efied the regeneration of (ilex, and of the carbonate of lime; 
we know the acid gafes w^hich perform the principal part in 
the al&ir : but in this importani wo k we have been long ig* 
norant of the degrees of their reciprocal afiinitvi their quan- 
tity, and the mode of their refpedive combinations. Our 
knowledge on tliis matter is confined to a few fads. 

Two different Many ^experiments have proved to me that the puzzolana, 
Se^jluzlio^^ fooneft forms a bpdy in the water, is not fit to be em- 

ployed in the open air, where it cracks and chaps in all di- 
ri dions. And that which is proper for the air, and which ac^ 

quires, 
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quires and preferves its tenacity in it, fets but imperfcflfy in 
water. This difficulty, of which the InAitute will perceive 
the^aufe, has obliged me (o keep two forts of the fadlllious 
piizzqjana ; on the reciprocal ufe of which a memoir of in- 
iirudtioa will accompany the fale. The two forts may be 
diftinguidied by their colour. 

The (a^lilious piizzolana proper for works under water, is One fit for 
of a rcddifli-brown. That wdiich is fit for works expofed to 
the air, is a dark violet. The latter is ufed for terraces, the Another forex- 
embankments of bafons, for (he com pofi I ion of inclofures, or 
lor liglfl roofs. Bridges of a tingle arch may be formed with teiraccs, roofs, 
it ; and I lifive feen it adhere fo ftrongly to glazed tiles, that arches, 
it was necclfary to break the tiles to detach it. 

The puzzolana proper for confiruclions beneath the water, Wa^crpuixola* 
forms the moll ioiicl body in it. Three months after immer- 

callable of a po* 

lion it IS an acliial fione capable of receiving a polifli. The lifii. 
liine in it is always regenerated into caiboiiatc of lime in ten 
weeks. 

Vv'hcn it may be thought by any one that he has been cle* Nullify of effeft 
reived as to the certainty of thele effedls, it vu!I always ^ifiakes oniie 
found, that he either has not ohferved the quantities direfited operator, 
of the puzzT;iIana and the lime, or that he has ufed the reverie 
of that kind of the cement proper for the work. 

1 commonly ufed lime in the fiate of impalpable powder, hime ufed in 
flacked in Lafaye’s manner, for works expofed to the a,'r , with it, 
and employed lime in the date of putty, for works which were m yufty. 
to be covered with water. Sometimes I ulecl lime in powder 
for the fame work. This difference depends on the degree of 
goodnefs of the lime, on its greater or lefl’er richnefs, or it< 
proportional poverty, Ciiftoin gives the advantage of know- 
ing the different kinds on mere infpedlmn. 

The ufe of lime in powder appeared to me to merit a pre- 
ference in the preparation of mortars or cements. I prepared 
my fadlitious puzzolana in a certain quantity as loon as I knew 
the proper proportion of the lime ; and I had thus the ad- Advantagw of 
vantage of being able to work it in troughs in the fame man- fedals^rcady"'**^ 
ner as fulphate of lime. The whole was well mixcjl together mixed* 
and put into facks ; by which means the raalbns had nothing 
to do with the mixture of the articles (which is too often left 
to unprincipled workmen ) ; and being thus niafter ot the rc- 

fpc^live 
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Exterior charac- 
ters of the iron 
oxides ufed. 

f 


Slight eaki- 
aation changes 
them from brown 
to red. 

A greater 
‘Changes them to 
a deep brown. 
Long continued 
heat lenders 
them black and 
porous like lava. 

Their fradf ure 
grained and 
earthy > and they 
contain quartz 
cryftals. 

Keedles of 
ichorl, amphi- 
hale^ and tour- 
malines. 

Their fmell ar- 
gillaceous. 

Give no fparks. 


Do not efFcr- 
ferce. 

Axe. aftefled by 
the magnet. 

Weight of a 
cubic foot. 


fpeftivc proportions of the piizzolana and the lime, I could 
alwa) s be allured of the folidity of my cements. 

There remains (or me to deferibe the exterior chara£te|;d of 
the quariziferous ferruginous oxides^ which form the bpiis ot 
my iadlitious puzzolana^ and to relate the analyfis of them 
■which I made about 18 years ago. I will content myfelf with 
offering the comparative rcfulls with the Italian puzzolana, 
both in the dry way and the moifi. 

Exterior CharaSiers of the quartziferous Oxides of Iron, 

Their colour is of a reddifli-brown before calcination^ or 
flightly violet. A light torrilication gives them a clearer red tint 
or a deep violet ; one more intenfe renders them of a deep 
brown or of a violet-brown inclining to a black. The degree 
of the calcination for ufc is confined to thofe two dates. 

Urged at a longer continued heat, the colour becomes a 
deep black, then the fubdance becomes porous, entirely dmi- 
lar to certain lavas of our modern or ancient volcanos, with 
which it is then diflicult not to confound them. 

Their fracture is grained and a little earthy, and fmall cryf- 
tals of quartz may be (iidinguifned in them by ihe naked eye, 
and aimed alwa^tf angular fragments of gray or milky quartz ; 
a powerful magoifying lens caur;/s in fome fragments the dif- 
covery of needles ol (churl, the ampliibule of Hauy, and fomc 
fmall tournialinc>'. 

Their fineU is iirongly arg’^^cous on breathing on them 
with (he mouth. 

There is no (ire produced by the ufc of the deel, when it 
docs iv»tiirike a quarlofe particle. 

Thej|f%o not edervefee with acids eithei^cold or hot. 

The magnet a^s a little on ihefe oxides before calcination, 
and ftrongly, or perceptibly, after it. 

The medium weight of a cubic foot is 123^; that of the 
Italian puzzolana is but 


, Analyjis hj the moifi Way, 

Analyfis In the I fl^all not weary the affembly by a cietail of the manipula* 
kon^oxidM relative to the fol vents and re-agents which art ufes for 

’ (he decompulition of bodies, and (hall only fay, that dlex, 
iron, alumen, and a fmall portion of nangauefe, are the con- 
ilitoent parts of thiple oxides. 


1 repeated 
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1 repeated thefe experiments many times, and had for a 
naedium refult from an hundred pounds, chemical weight, 

50 parts of filex; 

3 1 — of iron ; 
i(^ — of alumen ; 

3 of inangaiicfc, and loP?. 

JOO 

If this anal)lis be compared with tliat of tlie puzzolana 
) laly, which contains in 100 parts— puisolaaa. 

50 of lilex ; 
of alumen ; 

J (> of iron ; 

3 of lime; 

6 of lufi; 

JOO 

their refpe£live properties ma^' be appreciated according to 
the proportions of their integrant parts. 

The cxccfs of alumen caufes the plaitlcrs made from the Excefs of aiu- 
Italian puzzolana to crack and chap in llie open air : this ' 

fault arifes from (heir great oxidation, 1 have been able tocuck. 
icplace in them thofc piinciples which they loft by decom- 
potition. 

Anal^jlti in the dry fray. 

I endeavoured to obtain a rcgiilus from thefe oxides of iron Aiulyfi, In the 
by ufing a violent heat. 1 followed the proccls of Kirwan j^Lwau'!* pro- ^ 
for the fufion of filiceous and argillaceous ores of iron ; yet 1 cefl'esj 
never obtained a fingle metallic button ; and only found at the afforded ii» 
bottom of the crucible a vitrified mals of an opaque black, or 
a feoria in the ftale of crude caft iron. 

Defirous to know if I could procure a malleable button The blowpipe 
by ufing the blowpipe, taking borax for the flux and fupporU 
ing the oxide on charcoal ; I ftill could only obtain a fp^ngy 
ingot rcfembling crude caft iron, and breaking both when hot 
and when cold. • 

Being placed on a fupport of glafs (according to my method The oxide fufed 
publiflied in the Journal de Phyfique, Tome XXXI. pages 
\ It) and 139), the oxide fufed at the fecond attempt, the fup- 

VoL. XII.-— SuFPLEMENT- Z poit 
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General refult* 


The oxide may 
be ufed as apig< 
meiit. 


FACtiTlOUS FtlZZOLANA^ 

porl was coloured green^ and fniall grains of iron were leen 
to pafs fird of a dark-green colour, then of a bright green, and 
afterwards to difappear in evaporating. There remained ^ 
the globule only a (light tinge of blackifli-green. / 

The refult of all thefe fads feems to be, that this fxide is 
entirely deprived of its metallic principle, and ihaUits fuper- 
oxigenation renders it reducible and refradory. 

The arts may draw fome advantage from thefe oxides, by 
ufing them in pigments for buildings. I fucceeded after many 
wafhings, in extrading from them a beautiful brown-red 
colour equal to that of commerce, and applied it to ufe fuc- 
cefsfully.* 

♦ This paper has been abridged in its introdudion^ in the detail' 
relative to negociations with the Conftituent AlTembly, and in fomc 
other points a little irrelevant to the puzzolana ; but all matters 
diredly tending to illuftrate its nature and properties have been 
carefully copied. 

M. Dodun's dilcovery may be of fome ufe to this countryf as 
there are in many parts of it large maffes of iron-ftone, and fome 
is found in the vicinity of moft coal-mines. 

It has been long known that iron ochres have the fame property 
of forming piizzolana with lime, when properly roafted, and thi.^ 
circumftnncc is mentioned at large in Chaptafs Chemiftry. A pa> 
tent has alio been obtained in this country for the application of 
iron pyrites to the lame purpofe, the right to which was purchafed 
long ago by Mr. Samuel Wyat. But the novelty of M. Dodun's 
dilcovery is, that poor iron-(lone is equally fit for this ufe, as the 
other fubftinces mentioned, which is of the more importance as 
it is very plentiful, and may often be procured in dtuations wheic 
the others cannot. 

It may not be amifs to mention here, that bafalt treated in the 
fame manner, has the fame property as the puzzolana ; the whin- 
done, of which the ovoidal paving- ftones confid moftly, is of this 
kind ; and it is found in great abundance in thefe countries, in 
different forms.— B- 


Experiment 
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VIII. 

Experiments and Ohftrvatimis upon the ConiraSiion of Water by 
//t;\ at lou) Temperatures, //{/Thomas Charles Hope, 

M, D.^ b\ IL S, Ed, ProJeJJhr of Chxmifiry in the Univerftty 
of Edinburgh, From the Edinburgh Phitojophical TranfuEtiom^ 
for J80K 

To the general law, tliat bodies arc expanded by heat, and T^xpanfion of 

contradied by cold, water at the point of congelation, and 

for fome^degrees ol temperature above if, it feems to aflbrd a freezing point. 

very fiiigulai^and curious exception. 

The circumflances of this remarkable anomaly have been for 

ionic time believed to be the following : 

When beat is applietl to water ice cold, or at a temperature General or ufnai 

not far diflant, it caufes a diminution in the bulk of the fluid. 

. facts. 

The water contradls, and continues to contradt, with the aug» Icc-cold water 

mentation of temperature, till it reaches the lOlh or 41ft de- 

,, , . . , , , creafe of temp, 

gree. Between this point and the 'l-2d or 43d, it fuffers to about 44'^, 

(carcely any perceptible change ; but when heated beyond the 
laft-mentioned degree, it begins to expand, and increafes in ’ 
volume with every iubiequent rife of temperature. 

During the abftradlion of caloric, the peculiarity in the con* and futTer*; the 
ftitution of water etjually appears. Warm water, as it cools, 
fluinks, as other bodies do, till it arrives at the temperature of ^ 

43® or 4‘2®. It then futlers a lofs of two degrees without any 
alteration of denlity. But when farther cooled, it begins to di- 
late, and continues to dilale, as the temperature falls, till con- 
gelation adliially commences, whether this occurs as foon as the 
water reaches the 32®, or after it has delcendcd any number ol 
degrees below it. 

Suppofing this peculiarity of water to be eftabliflied, it muft This fapp^fcA 
appear, indeed, a very odd cirgomftance, that heat ftiould pro- 
duce contraction in tiiis fluid, while itcaufes expanfton in other 
bodies * ; and n^/ lefs ftrango, that within one range of tempera- 

♦ Is this mode of change peculiar to water ?— I do not know of 
any experiments with other fluids, except that mentioned on page 
343. Perhaps it may be common to all, or at Icaft to all thofe 
which expand by congelation. Dccifivc trials of this point are the 
more deilrablc, bccaufe fomc of Count Rumford’s general induc«» 
tions require or fuppoic that feawater fhould not be thus affefted.— 

Z 2 tuce 
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been hithfrto 
' tleduced from 
experiments in 
narrow necked 
veflelSf 


of which the ca* 
pacitifcs alfo vary 
by change of 
temperature. 


The author 
Aows the eilc^ 
hy ctlrer means. 


I*rcvioushIlHry, 


Dr. Crounr firft 
obferved that 
water opj '’a; i to 
expand before it 
fr?v2C5. 


HI: narrative. 
The experiment 
fhewed that 
water rofe in a 
long necked 
veffe) by cool- 


Uirc it fliould conlradl, and in another expand, the very fame 
lubttance. Before a deviation from fo general a law (hould be 
received as matter of fact, the proofs of its cxiflence ought to{)r 
clear and indil’piilable. ^ 

Tlie experiments Inthcrlo publillicti, from which this lingula, 
rily has been deduced, have all of them been performed upon 
water contained in inftruments lhaped like a thermometer glar>, 
and eontifting of a ball with a llcndcr item ; and the expanfive 
or contractive clleds of heat and cold have been inferred, from 
the afeent or detevnt of the fluid in tiie ftera. 

To lucli experiments it has been objeded, that thedimenfions 
and capacity of the inftrument undergo fo much change, from 
variation of tcmpeiaturc, that it is ditlicult, it ivft impoffible, 
to determine how much of the apparent anomaly ought to be 
imputed to Inch changc.s, and that it is not improbable that the 
wliolc of it may be afcribcd to them. 

The objc6l of tins paper, wiiieh I have now the honoin 
to read to the foeicty, is to prove by a fet of experiments, 
conducted in a manner allogelher diilVrcnt, that the common 
opinion is founded in (ruth, and that water prefenls itfelf a: 
that ilrange and unaccountable anomaly wliii li 1 have alread\ 
tlefcribecl. 

It is worth while, before Jetailirg my expciimcnfs, to 
give a fliort accoinu ot div^tc obforvv lions which led to the 
ddeovery of the faCt, and wi:lch in luccefhon have extended 
out knowledge ol it, as w'cll as cl iliofe obicrvalions which 
have at uifFerent periods been offered to diferedit, and to bring 
it into doubt, ^ 

'I'he tird obfervalion relative to this fiibje^l was made by 
t)r. Crounc, towards tiie dole of (he 17lh century, while 
engaged in Livefngalmg tie: phenomena of the great and 
forcible, though lamiliar, c\j anfion winch happens to water 
at tliC Jnflant of freezing; a matter wliich occupied in a 
confiderabie tlcgree, the attention of Jiis fellow^-tnember' 
of the Royal Society ot London in the earlier years of that 
inflitution. 

1 fnall relate in his own words his firfl obfervation : “ I filled 
a ftiong bolt -head about half-way up the from with water, a day 
or two bcfoie the great froft wentofF, marking the jilace where 
jtjie water flood ; and placing it in the fnovv on my leads, 
while I went to put fume fall to the fnow, 1 found it above 

the 
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the mark fo Toon, that I thought the mark had flipt down, 
w^iich I prelt-iitly raifed to the water, and as loon as ever I 
mixocitiie fall vvitli the fnow, the wafer rofe very fafl, about 
.onc-haif inch above it. I took up then flic glafs, and found 
the water all fluid flill ; it W'as again let down in the fait and 
fnow ; but when 1 came about an hoMr. nfler to view it, the 
ball was broke, and the water turned to hard icc, both in the 
ball and flcin 

From this experiment Dr. C^roune di v- I’.c eonclufion, that Whence he In- 
water, wjien fubjccled loc'old, afliiall) bt‘;; m lo expand 
it began to freeze. On announcing ir, however, to the Ro>aI But Ui. Hooke 
bociely, on l/fe < in of February Dr. Ilooke immediately 

cxprelled llrong doubts, and afeiibcd the afeent m the water fd. 
in the neck ot tlie vclTel to the flirinking oi t!ie glafs occalloned 
by till' eolJ. 

To obviate this objcx'nhm, iird to preclude, as far as was pof- Dr. C. repeated 
lible, th(‘ IntiueiKC of the change (»f cap.'K u > in the 

»r(;m an aite.alion of ils tcmpeiaturc, a bou-heatl was imincrled in ri vcflel pre- 
in a mixture of tali and inow, and into it. when cooled, was 5 
pouted, lo a eeitain hedght, water previoufl) biought to 
near the lieezing jioini. d'lie \valc*r began inllantly lo rile as 
bclbre. anil wiieii it had afeended about onc-rourth of an inch 
I. the Item, tin: v(akd was taken out, the whole water remaining 
'iuid. 

Thefe expeiimenls, fuppoitcd by others ol a finiilar nature, which gave fa- 
. omnuinlcaled lu Di. Siaie to the Society on the 20lh of ^ ^*i 

she lame* ir.onlli, appear (j Irave ^all^lIed its nicinbers, in go 
neral, of this r’acl, that water, wiien on the point ol congeal. ng, 
and while ftill fluid, is actually loniewhal dilated pre.vious 
to the remarkable expanlion which accompanies its conveifiou 
oUo ice. 

l^r. Hooke, however, continued unfliaken, and retained the but not to Dr. 

• « rt- j Hooke, 

doubts he had (•xprened. 

Remarkable as tlie fad, as now Hated, mud have appeared, 

.t teems not lo have excited particular attention, nor lo have fo- 
liciled more minute examhialion ; and indeed tl.ough phi- 
iolophers did not lofe figlit of it, jet for near a century no 
one invetligated it more carefully, Mairan, in his trcatile 
OEi icc in 174 a, and Du Creft in his dillcrtalion on thermo- 

Birch’s lliftorj oftbt Royal Society, Vol. iv. p. l’o3. 

meters 
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melers In 1757, appear to be well aware of this property 
Modern cxpcri- of water, but it is to M. Dc Luc that we owe the knowledge 
nwntaofDc leading and more interefting circum (lances, [vi(k Rcm 

, * clicrchts, &c. 1772.) ^ 

Having devoted his attention to the examination and im- 
provement of the thermometer, he was naturally led to the 
invedigation, while engaged in aCcertaining the phenomena 
of the expanfion and contradion of different fluids by heat 
and cold. 

He ufed ther- He employed in his experiments thermometer glatf^s ; and 
and”found^dw*** water, at or near the term of liquefadion, de- 

water todcfcend fcended in the flem, and appeared to him to fufltfr a diminu- 
by coohn^g^tiU^ every increafe of temperature, till it arrived 

rife till frQcfingt at the 4lft degree. From this point its volume increafed 
with its temperature, and it afeended in the tube. This fluid, 
when heated and allowed to cool. Teemed to him to contrad 
in the ordinary way, till its temperature funk to the 41**, but 
to expand and increafe in volume, as temperature fell to 
the freezing point, ' 

ThedenfUy of water, he thence inferred, is at its maximum 
at 41®, and decreafes with equal certainty whether the tempera? 
ture is elevated or depretfed. 

fo that its den- M« de Luc fays, indeed, that very nearly (he fame alteration 

« ^ 2 ® a°^cais^ volume is occafloned in water of temperature 41 by a varia- 

thc tanic.*^ tion of any given number of degrees of temperature, whether 
they be of increafe or of diminution ; and confequently that 
the denfity of water at temperature 50, and at temperature 
32^, is the (ame. 

liis theory# This philofophcr did not conceive that the conflitution of 
water, in relation to caloric, undergoes a change at the tcm« 
peralure of 41®, fuch that fliort of this degree caloric (hould 
occaflon contradion, and beyond it expanfion. He imagined 
that heat in all temperatures tends to produce two but quite 
oppoGte eflfeds on this fluid, the one expanfion, the other 
contradion. 

In low temperatures, the contradive effeds furpafs the 
expanfiveji and contradion is the confequence : In tempe- 
ratures beyond 41^, the expanfive predominate, and the 
Yifible expanfion 19 thQ eitcefs of the expanfive operation over 
Ihe contradivc. 

In 
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In 1788, Sir Charles Blagden added the curious 
lions, that water, which by flow and undiflurbed refrigera- 1 ,^ ‘ 
lion permits its temperature to fait many degrees below its cooled many de- 
^ treezmg point, perfeveresin expanding gradually as the tern- 
peraturo declines ; and that water having fome muriate oflreealng, and 
tbda or fea-talt dilFolved in it, begins to expand about the *** 

fame number of degrees above its own term of congelation 
that the expauflon of pure water precedes il*! freezing, that 
is, between eight and nine degrees. More lati ly, (Philofo» 
p/tical Tranfa&ions, 1801), he, or rather jVIr. ftilpln by his 
diredlion endeavoured to afeertain, by the balance and weigh- 
ing bottle, fbe amount of this change of denfity caufed by a 
few degrees of temperature. 

Every one mull be familiar with the ufe which Count Rum-C«‘ij>^R‘«™- 
ford has made of this peculiarity in the conflitution of water, 
in explaining many curious appearances that prefen^ed them- doAnne to the 
felves in his experiments upon the condudting power of fluids, 
and in accountiug for certain remarkable natural occurrences. 

The Count, with his ufual ingenuity, has endeavoured to point 
out the important purpofes which this peculiarity ferves in the 
economy of nature, and to affign the final caule of fo remark- 
able an exception from a general law. 

In recordintj the obfcrvaiions and opinions that have been 

^ . T-i • j cTperimcms, 

publiflied concerning this point, I might now, in order, notice 

tbofe of Mr. Dalton of Manchefler. related in the fifth volume 

of the Mancheftcr Memoirs, wliich tended to confirm and enlarge 

our knowledge of it. Bui as Mr. Dalton himfelf has called in 

queflion the accuracy of the conclufion wdiich had been drawn 

from his experiments, and from thofe of preceding obfervers, I 

(ball only remark, that they are of the fame nature, and nearly 

to the fame purport, as thofe of M. de Luc. 

It was in conlequence of a communication with wliich Mr. queftions 
_ , ^ , , , tht truth of thc' 

Dalton favoured me, three months ago, that my attention was conclufions, 
direfled to (his fubjedl. He informed me, that after a long 
train of experiments he was led to believe that lie, and his 
predeceiTors in the fame field of invefligation, had fallen Into 
a iniflake with regard to the contradion of water, by heat, 
and its expanfion by cold, in confequence of overlooking or 
underrating the eflTedl which the change in the capacity of the 
thermometer-fliaped apparatus employed, mud occafion onjhe 
iSpparent volume of the fluid. He dated, in general terms, 

that 
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that on fubjeding water to different degrees of temperature, 
in inftruments made of different materials^ he found the point 
of greateft denfity was indicated at' a different temperature in 
in each. ^ 

In an apparatus, having a ball of earthen-ware, it was 
at the 34<th degree ; of glafs at the 4>2d ; of brafr at the 
46lh; and of lead at the oOlh. And as water could not 
follow a different law, according to the nature of the iubflance 
of the inffrument, he conceived that the appearance of ano- 
maly in this fluid qj^inated entirely in the containing veffel, 
which muff caufe the fluid in the ffem to fall or rife according 
as its expanflons are greater or le(s than thofe of the included 
liquor. r, 

A detail of thefc important experiments has, ere now, been 
tranfmitted for publication in i\ie Journals of the Hoi/al JnjHtutimi 
tf London^, 

1 have already noticed that Dr. Hooke endeavoured to ex- 
plain inihe fame manner llic original experimentof Dr. Croiinc. 
This ej^planation apparently gathers much force from thcTe ex- 
periments of Mr. Dalton. 

It is proper, however, to ftatc, tl.at M. de Luc was pcrfedlly 
aware of the alteration in the dimeniions of his'glafs apparatus, 
but deemed the change too trifling to have any material in- 
fluence. 

Sir Charles Blagden paid greater attention lo the circum- 
ftance, and by calculation attempted lo appreciate what allow- 
ance ought to be made for the change of capacity in the amount 
of the apparent changes of volume. 

When it isconfidered, that the whole amount of the apparent 
change is but very fmal), and that the expanfibility of the glafs 
is with difficulty afcerlained, and is variable by reafon of the 
fludluating proportions of its heterogeneous conffituents, it muff 
be acknow lodged, thatpreciflon in fuch a calculation cannot pof- 
flbly be attained, and can fcarcely be approached. On this ae^ 
count, ail the experiments already noticed are open to the 
explanation of Dr. Hooke, and in fome meafure liable to the 
objection which he had urged. 1 confefs, that the experiments 
of Mr. Dalton, in perfedt concurrence with that explanation, 

* They were tranfmitted to our Journal by the author in Vol. X. 
page 33. 


created 
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created confiderable doubts refpe6ling the exigence of the pe- 
culiarity of water; againft the probability of which circum- 
ftance, all analogical rcafoning, and every argument a priori, 

Hroiwly militate, 

Umvilling to remain in uncertainty, and confi dering it as a The author'll • 
point of«inuch curiofity and intereO, I have cncleavouied to in- wc*i^e^'not"made 
vetligate the fubje^t by experiments conduced in a totally dif- uncertain by th« 
ferent manner, equally calculated to exhibit the ^higular **®^®** 
truth, but free from the objeftions to which the others are 
liable. In them, it was my objeft to provide, that neither the 
changes of the a6lual volume of tlie water, nor flic altei aliens 
in the climenilons of the inftrument, (liould have any influence 
whatever. • 

I have already taken occafion to flate, that tlic purpote of this 
paper is to prove, by experiments on the principle now incn- 
lioned, that in the conftitution of water there really cxifls the 
fingularity often noticed. 

1 thall firft flate the plan of the experiments, and then detail 
the particulars ot the mofl rcmaikable ol them. 

When any body is dilated, whether hy heat or cold, it ncccf- His attemion 
farily becomes Icfs denle, or fpecifically lighter; and the oppofitc J^^J^whethtr* 
efFe^s relult from contradion. This is the circuni fiance, as eve- water rifes or 
ry one knows, which caules various movements among the par- 
tides of fluids, when any inequality ot temperature prevails in changes of tem- 
Ihe mafs; hence thefe particles are little aetjuainted w ith a flate pci^turci 
of reft. 

If a partial application or fubtradion of heat produce an in- 
equality of dcnlity in a mats ol fluid, the lighter parts rife to 
the furface, or the dentei tall to the bottom. 

It readily occurred, that 1 might avail to my felfof thefe move- 
ments, and upon ftatical principles determine the queflion in 
difpute. 

I had only to examine attentively water, as it was heated or 
cooled in a jar, and to obferve, by means ot ib^'rnHimeters, 
what (Ituation the warmer, and wdiat the cooler parts ol this placed, 
fluid afFeCled. 

If I (hould find that ice-cold water, in aeciuiring temperature, 
fliowed, in its whole progrefs, the warmer paits near^he top, it 
wbuld indicate that water follows theufual law^ and is expand- 
ed like other bodies bv heat. 

Or if I fliould obferve that warm water, in cooling to the 
freezing point, had liic coldcft portion uniformly at the bottom, 
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the fame conclufiou would follow ; while a different inference^ 
and the cxiflence of the fuppofed anomaly, would be deducible 
fhould the event prove different. The only circamffance, i^an 
figure to myfeir as tending in any meafure to render this mode 
of examining the point doubtful, is that water near its congeal* 
ing point may have fo little change of denfity occafioned by a 
fmall variation of temperature, that its particles may be prevent* 
ed by their inertia, or by the tenacity of the circumfluent roafs, 
from aflutning that fituation which their fpecific gravity would 
allot to them* ^ 

It will appear, however, very clear, from the circumflances 
of the experiments which I fliall immediately detail, that no 
obflacle to the fuccefs and precifion of the experiments pro* 
ceeded from this fource. 

It is not neceflary for me to relate all the experiments I have 
made. I fliall reflrift myfelf to the detail of fix, which prelent 
varieties in the modes of procedure, and which afford the mofl; 
flriking refulls. 

£xp» !• I filled a cylindrical jar of glafs inches deep, and 
in diameter, with water of temperature and placed it on 
i a table, interpofing acotifiderable thicknefs of matter polfefFed 
of little power of conducing heat. I fufpended two thermo- 
meters in the fluidi nearly in the axis of the jar, one with its 
ball about half an inch from the botlomi the other at the fame 
diflancG below the furface. The jar was freely expofed to 
the air of the room, the temperature of which was from 60^ 
to 62®. 

The experiment commenced at noon : 


In 10 minutes, 
^30 

^50 

— an hour, 
and 


— 2 hours and 


T— 4 hours. 


Top Tbermom. 

Bottom do. 


32® 

33 + 

34+ 

35.5 

37 

■ 

1 

38+ 

1 

CO 

38 + 

10 minutes, 42 

38.25 

1 

0 

40 

50 — - - 46+ 

41 + 

10 minutes, 48 

42.5 

30 50 

41. 

50 50.5 <■ 

45 

r 54 

49 


Confiding 
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Confiding in the indications of the thermometers, from this 
experiment we learn, that when heat flows on all tides from tiie 
ambjent air into a column of ice-cold water, the warmer por- 
. iions of the fluid actually defeend, and take pofTeffion of the bot- 
tom of^the veflel. 

This downward courfe proclaims an incrcafed denfity, and Whence U is 

teftifies that the cold water is contracted by heat. As the coldw (upl 

however, as the fluid at the bottom exhibits a temperature of per) fluid was 

38®, this courfe is retarded and foon flopped, and with the rife 
C ■ 1 O - 11 . ^ 1 /» i . temperatures 

ot teny)crature beyond 40® is totally changed ; for when the near freeaing ; 

mafs attains this degree, the experiment equally fliows, that the warmer 

warmer fluid afeends and occupies the fummit, by its route an- was wicr at the 
flouncing its diminiflied denfity, and proving that water is now higher part of 
expanded by heat. 

Exp. 11.1 filled the famejar with water of temperature 5 3®; and Exp.s. Water 

that I might obferve the plicnomena of cooling, I placed it in 

the axis of a much larger cylindrical veflel, nearly full of water, cooled by enve- 

of temperature 41 and, b\ an earthen-ware fupport, raifedit the veflel 
1 \ . 1 r .1 1 • I I icc-coid 

about three inches from the bottom, taking care that the water water, it was 

fliould be on the fame level m both veflels. As foon as I had 
. . . -*11* . , till 4a after 

adjufted the tw'O thermometers as in the former experiment, I which it was 

obferved that the top of the fluid was ftill at ,03*^, but tlie bot- warmer [ 4 ^+) 

tom had fallen to 411®, 


In 9 minutes, 

_ 15 


Top. 

52® 

52 


Bottom. 

45 

44 


Now, to accelerate the cooling, I withdrew by a fyphon 
the water from the large cylinder, and fupplied its place 
by ice-cold water, mixed with fragments of ice, which by 
repeated cautious agitation was kept uniformly at the tempe- 
I’ature of 32®. 


In 23 minutes. 

48® 

m 

42+ 

-38-^ 

44 

- 

40 

— 43 

42 

- 

40 

— 46 

40 


40 

— 52 

36 
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40 

— 58 

35— 

- 

39 

— 65 

34 

- 

37 

— 75 

34 

- 

36 

r 103 

34 

m 

34 
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This experiment is the counterpart of the foregoing, and from 
the teftimony of the fame inftrumcnUi it appears, that when a 
cylinder of water of 63® is cooled by circumfluent iced flind, 
the colder part of the water lakes pofTeinon of the bottom onhe 
velfel, fo as to eftablifli a difference of temperature from the fur- 
face, amounting fometimes to 8®. And that as foon as the. fluid 
at the bottom arrives at the ^Oth degree, the temperature of the 
fluid in that fltuation is flationary till the furlace reaches the 
fame point. 

Whence the During the fubfequenl refrigeration, the progrefs of the 
[s*dc(fuccd askin' undergoes a total change. The thermometers tell 

the former ex- 'that tiie colder fluid rifes to the furiace ; fo that thoi top gets 
pciimcnu bottom foon by t*-', and attains the loweft 

temperature of 3 very long before the otlicr tails to the fumo 
degree. 

Thcfc circumflanccs, I think, lead to the conclufion, (hat by 
thelofs of caloric, w'ater at is contracted and rendered fpc* 
-cifically heavier, and that this continues to happen till the water 
come to the temperature of U)^, at which period an oppofite ef- 
fect is produced ; for now the water, as it cools, becomes fpecifl- 
cally lighter, or is expanded. 

In this, as well as the former experiment, the complete 
change in the fltuation, wliich the warmer and colder parts of 
(he fluid afl'edled, in the progrefs both ol the liealing and cool- 
ing, while every external circumflance of the procefs con- 
tinued unaltered, IS particularly worthy . of remark. 


Exp. 3. A tall III. I took aglafs jar, 17.8 inches deep, and 1-.6 in diameter 

»ch« hlgh*^ internal meafure, having a neck and tubulature very, near the 
containing water bottom. I provided alfo a cylindrical balon of tinned iron. 


cooled ^ou*d ts 10 inches in diameter, with a circular 
vfferpart\>Y middle of the bottom, large enough to receivp 

ice and fait. (hg top of the jar. By means of a collar and .cement I 
turefellqSeft^^curcd this bafon, fo that it encircled the upper part of the 


at bottom, till 
40®, where it 
continued fla- 


jar. 

The objc6l of fhe contrivance was to have the means of ap- 


tionary } after plying a cooling medium to the fuperior portion* of a cylinder 
Serfunk^to**^* water, and it anfwered the purpofe completely. . I intro- 
f^reezing, and duced the baft of a thermometer through the tubulature, till 


congealed. extremity of it nearly reached the axis at three-fourths of 


an inch above the riling of the bottom, and having fixed it in 


this fltuation, I rendered the aperture water-tight, by a per- 
forated cork and lute. 


This 
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This very tall jar was placed on a table, with the inlerpofi- 
fion of fome folds of thick paper, in a room without a tire, of 
* the temperature 42®, 

I filled it with water of* 50 ^, and poured into the bafon, 
which embraced (he (opi a mixture of powdered ice and fait. 

From time to time I explored the temperature near the fur- 
face, by infertinjj the bulb ol a thermometer to the depth of 
half an inch nearly in the axis. 


Boti'jrn. 


One o’clock. 

50® 

In 1 minutes. 


15 

■1^ 


1 1-— 

— 51 


— i hour c min. 

40 


— 4? hours, 

— .'ijhours, 3 ):* 

— 1 ] iiours, /, €, 1 

at mldni^d'^ J 

— I y lioijf'*, . 1 
next morning, J 


— 2() hours, -to 

— 32 40 

— 4 I 40 

^ 50 - 41 


Top, Air. 

60® 42® 

48 

4(>‘— 

4V 

42 

r At this time a thin film of 
3 ^ ice bej^an to form in con- 
htact with the glafs. 

34 


A crufl of ice of fume thick- 
nels now lined the ghiU, 
and air had fallen to 40®. 


Cruft of itc complete. 

Air W®. 

Air 40''. So much icc had 
melled that the cake wasde- 
U* in-d Irom the tide of the 
vcffcl. and floated. 

Air 41''. Ice not all melted. 
Air f2®. Ice not entirely gone. 


The experiment 
lafled 50 hours* 


This long protra6led experiment prefents tome ftriking fadts. Review of the 
and iU general imporf, willi regard lo Hic fobjeS of invefliga- 
4ion, agrees with the preceding. In it we fee, that wdicii the 
frigorific mixture abftraaed caloric from the upper extremity of 
a cylinder of water, nearly 18 inches long, and at 50®, the re- 
duction of lemperainre appeared fooner, and advanced quicker^ 
at its lower cxircmity than in the axiu at the lop, not two and a 
5 half 
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As the fluid be- 
low 40* conti- 
nued at top» it 
was not denjer 
than that at 40?. 


Yet the experi- 
ment docs nut 
ihow that it was 


It might be even 
alledged that a 
Dmall excefs of 
4 en 6 ty pre- 
vailed ; 


but this is not 
entitled to re- 
gard. 

That heat which 
paired by diiett 
communic.\tloa 


hair inches difiant from the cooling power. No one can en« 
tertain a doubt that this is owing to a current of cooled and con- 
denfed fluid defeending, and a c6rrefponding one of a warmer* 
temperature afeending. Now, if water obferved the fame 
law that other bodies do, and had no peculiarity of con(iitu- 
tion, the fame progrefs of cooling (hoilld continue. ThiS) how. 
ever, the experiment teaches us, is not the cafe : as Toon as 
the fluid at the bottom exhibits a temperature of 40^, it 
ceafes. The colder fluid remains at lop, and quickly lofing 
temperature, ere long begins to freeze. The continuance of 
the colder fluid at the furface furely denotes, that it is not 
more denfe than thefubjacent warmer water. The legitimate 
inference from this i.s (hat water of temperature ^0“ is not 
contracted by being cooled to 32''. 

Did water obi'erve the ulual law, andlofe volume along with 
temperature, this experiment, by its long duration, aflbrded 
ample time for (he manifeilation of it* 

For not lefs than two days did ice-cold water maintain pof. 
fenion of the lop, and for (he fame period the temperature at 
the bottom never fell below S9^, No current, therefore, of 
cold and condenfed fluid moved from the furface, to affedl the 
inferior thermometer, or to atteft the contraction of water 
by cold. 

This experiment, however, I mufl remark, does not warrant 
the conchilion, that the water is actually expanded, though it 
in no degree oppofes it. It proves no more, than that the 
contradioii ceafes at 4()^ ; and that water of 32^ is not more 
denfe than of 39^^ or Nay, fome may perchance alledge, 
that it docs not prove I'o much ; conceiving, that if at 40* the 
contraflinn, without ceafing altogether, becomes very incon- 
fiderable, the difference of denlity occafioned by the fubfe- 
quent reduction of temperature may be fo very (rifling, as not 
to enable the cold particles to take that fituation which their 
gravity affigns to them, in oppofilion to the inertia and tena- 
city of the fubjacent mafs; and therefore that (be colder^ 
though heavier fluid, may be conflrained to remain above* 
That this allegation fhould have no weight attached to it, the 
circumflances of the fucceeding experiment will clearly fliOW» 
as I fliall fuon notice* 

B<.’forc quilting iheconfidcration of the prefent experimentf 
it may be wuril* while to lemark, that it may feein rather fur* 

prifing^ 
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prifing, that the bottom of the fluid was not apparently afTefled muft W 
in its temperalure by the ice which fo long occupied its fur- 
•face. It might be expefled, though no cold currents de- 
(cended from above, that the caloric (hould be condudled from 
•below, and that the temperature fliould by that have been re- 
duced/. I fuppofe that the caloric did pafs from the lower 
ilrata upwards, but extremely flow, by reafon that fluids, as 
Count Rum ford taught us, are exceflively bad conductors of 
beat, and fo very flowly, that the caloric entered from the 
almofphere with fuflicient quicknefs to prevent any depreflton 
of temperalure below the 3i)lh degree. 

'rids experiment, I may conclude with remarking, is very 
well calcujatcd to exhibit the error of the popular opinion, that 
heal lias a tendency to afeend.” 

* ANNOTATION, BY THE Author, f 

This experiment may perhaps be thought to give countc- xiic opinion •F 
nance to the opinion of the very ingenious Count Rumlord, 
that fluids cannot condud heat, and (hat no interchange olnotconduft 
heat can take place between the particles of bodies in a fluid 
Rate, feeing that for two days the fluid at the bottom of the ^ * 

veflel never fell below 39^^, though the furface was al 32'’. 

From the circumflances detailed in his fevenlh cifa), the 
Count concluded, that heat cannot defeend in a fluid. i Vom 
the prefent, it might with equal juflice be inferred, that heat 
cannot afeend. 

Had 1 not the fullefl coiwidion that (his celebrated philofo- appear^ to bcln- 
pherhas puflied his idea> too far, I might be difiiofed to con- 
fider this experiment as according well with the Iiypolhefis, 

Soon after the intereifing fpecuUtions of the Count ap- 
peared, I began to invefligate the fubjed ; and, by a pretty 
long train of experiments, which 1 have annually taken an 
opportunity of detailing in my ledures, fatisfled myleli that he 
affigned to fluidity a charader (hat does not belong to it. 

Though fince the date of thefe experiinents, the public has 

+ As this note fubjoined at the foot of the page after the words 
temperature Jhould by that hofve been reduced, in the original, is of 
i'uch confiderable length, I have taken the liberty of putting it in 
the fame type as the text.— 


become 
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become pon'enTed of fcveral ferlcf;^ well devifed^ and^ ik 
my oj)iiiion, of Ihenifelves coiiclufivc, it may yet be worth* 
whife to flate the tenor and refuU of them, by which the value 
of their tellimon) in favour of the conducting power of liquids 
may be cdiinatcvl. ^ 

jxperiments to The experiuicnU were of two deferipliom. 

Mn^defwndYii nature nearly with thofe of Count 

fluids: Rumford, was defigued to examine. Whether heat, when 

applied to the furface, can defcencl in a fluid ; and the other 
to difcover. Whether, on the mixture ol diflerent portions of 
fluid at difiercnl temperatures, an interchange of calorit, lakes 
place bet w'cen the particles; — Water, oil and mercury, having 
been the fubje^s of the Counihs experiments, were employed 
for the firll let. 


Towater (jind to To explore the conducing power of w'ater and oil, the 
oil)the heat was which I ufcd coiififled of two vcITels of tinned 

from the bottom iron, both cylindrical, and the one fomcwhal larger than the 

of a metallic vcf- larger had a diameter of eleven inches, and into 
lel (in cojitatt . i i /• i , .1 1. y. 11 

with the furfacc were poured the fubjccls ot inc Inal, to ditiercnt depths on 

of the fluid, different occaiions. The fmaller ten and a half inches 
koUmg*^wdtcr^ in diameter. By three hooks it was fufpended within the 
within. larger pan, in fucli a manner, that the bottom of it exaftly 


reached and came in contact with the furface of the fluid. 


Tliis fmaller veflel became the fource of the heat, by being 
filled with boiling hot water. The whaler was changed fire* 
quently, care being taken to avoid, by the ufe of a fy phon, 
all agitation and diffurbance. 

This hot veflel In experiments of this nature, the difficulty is to prevent 
Siat*whidi^ con- Conveyance of caloric by the fides of the veffel, 1 at- 
"tained the fluid tempted, and, I think, I fucceeded, in overcoming this diffi* 
^?u-^^Tt'he ciK'li cling ihc larger veffel, as a height exafliy cor- 

containing vcfl'cl refpondii.g with that of the furface of the fluid within, with 
was ke^t cold gutter or channel about lialf an inch in depth; and by caufing 
face of the fluid, ^ flrcam of Gold water to flow conftantly through a fyphon into 

and therefore this guftcr, while from the oppofite fide it ran ofF by a fmall 
flid not carry any ^ 
keat downwards. 

The water was feveral degrees colder than the fubjedt of the 
experiment , and keeping cool the portion of the veflel with 
which it was in cental, it intercepted the heat that would 
o^herWife have travelled by this route to the bottom# 

Mercury was for meiA^ury I bad recourfc to velTels of glafs. 

tried in g'aCk '* In 

vfffek. 
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In all fhe experim<S!ii^a thermometer bore teftimony that the Jn »U the cxpe- 
catoric clefi'cnded from the fortace to the boUom of the fluids defcendc?*^ 
and demonnrated, aft leali to my convidtion, that fluidi ca® 
conduct heat. 

The progrefs of the heat, however, was very flow, and 
attefled the important fadt, lor which we ought to be thank* 
ful to the Count — That fluids are very bad condu^ors. 

The fecond let of experiments was calculated to examine, 
in a very different manner, the pofition, That all interchange 
and communication of heat between the particles of fluids ia 
impoffifile. 

When a Jiot and a cold fl.iid are mixed together and well Other experU 
agitated, very foon an uniform is produced. This equality 
muff proceed either from a communication of heat from the 
warmer to the colder fluid, agreeably to the common opinion, 
or from a perfect intermixture of hot and cold particles, ac- 
cording to the notion of 'Count Rumford. To which caufe it 
ought to be attributed, I conceived I might difeover, by afccr- 
taining whether, after fuch an intermixture, any reparation of 
the hot and cold portions took place. If the equilibrium of 
temperature be owing to intermixture without interchange of 
caloric, the hotter particles, as foon as the agitation ceafes, 
ought, by reafon of their greater rarity, to accumulate, to 'a 
certain diegree, at the furface, and there exhibit a temperature 
above the common one. 

1 fir ff tried water, and mixing this fluid boiling-hot, with When hot and 
an equal quantity nearly ice-cold, in a ftoppered glafs jar, I 
'(hook them well for a (hort time. quire a common 

I then noticed the refulting temperature, and raifmg the 
ball of (he thermometer towards the furface, 1 had an oppor- nevci^i^aritt. 
(unity of obferving, that it never rofe the fmalleff portion of 
a degree above the common temperature which had been effa- 
bltfhed. 

1 next made a fimilar experiment with alcohol, felefting it Tin lame 
on account of its remarkable dilatability. I fhook well, 
half a minule, a mixture of equal parts of alcohol at lempfe- 
40® and at temperature 170®. The refulting terajperalure of 
the mafs was 140®. 

Now, if this was a mixture of particles at 40® and at 170^, 
t$ the difference of fpccifio gravity between the fluid at ihefe 
temperatures is very confidcrablc, feme reparation of the warmer 

Voi, XII. — SwrPUMBNT, A a 
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and lighter particles from the otherSf ought» 1 conceivei to 
have taken place. The temperature of the topi however^ 
never indicated the arrival of warmer particles. It never af- 
cended above the point of equilibrium. 

From Ihefe experiments I concluded, that the upiforroity* * 
of temperature was etlabliAied by an adtual communication 
and interchange of heat between the particles. 

Count Rumford It may not, however, be improper to Hate, that Count 
Rumford, with whom feveral years ago I had the pleafure 
blight be too of converfing upon this fubjedl, alledged) that the inter- 
Tow ™***“*^® ™*ght^ be fo complete as to prevent any fe](^aration 

tion: whatever. 

If it be a property eifential to fluidity, that heat cannot pafs 
from one particle to another, the particles of different fluids 
ought to be equally incapable of imparting caloric mutually to 
each other. Unfortunately, however, for the fpeculation, the 
the caloric is (b communicated Though, a priori^ 1 enter- 
tained no doubts refpeding the refult of the experiment, 1 
but oil and ^ poured a quantity of olive oil whicli had been heated by im- 
in a vefTel of boiling water for half an hour, upon an 
tempencureby equal volume of water of 38®, and agitated the mixture, by 
MldbirthHbnie ^ quarter of a minute. The common temperature 

produced was 78®, and the heat had gone from the oil into the 
the water ; for when tiie fluids feparated, and had arranged 
themfelves according to their fpecific gravity, both of them had 
the fame temperature of 78® 

The experiments of the two defcriptlons now recorded, left 
on my mind little doubt that the Count had overilrained his 
conclufions. 

t Exp. IV. I took the fame tall jar, and flopping the tubu- 
lature with a code, I filled it with water of temperature 40®, 
and placed it in a pan After fufpending two thermometers, 
as in experiment firft and fecond, I poured a mixture of ice 
and fait into the pan, to the depth of 4.2 inches, the air of the 
room being 40^, as in the lafl experiment. 

Bottom. Top. Air. 

Eleven o'clock, 40® 40® 40® 

In io minutes, 38+ 38+, 

• This is alfo very Arikingly the cafe with mercury and 

water.— N. t The text is here refumed. 


when Teparate. 


£tp* 4. The 
tall jar of Exp. 
3, containing 
water at 40®, 
uaa cooled 
round its kwir 
part by ice and 
ialt. 

The tempera- 
ture fell a» 
quickly at top 
as at bottom ; 


In 
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Bottom. Top. 
In 20 minutes, 38» — 38®— 

— 30 — 37 — 37 — 

— 40 36‘ 36 

r- 60 — 35.5 35.5 

— 80 — 35 35 

— JOO 34.5 35 

— 120 — 34— 34 

— 8 hours. 34 — 34 


A cruft of icc began to form on the inftde of the glafs 
when the water in the axis of* the bottom and of the top was 
at 36®. Iii the courfe of the experiment, it became at leaft 
an inch thick. 

We learn from thisexperiinent^ that cold applied tothe lower 
part of a cylinder of water, nearly 18 inches long, and having 
the temperature of 40®, is adually as fpeedily perceived at the 
fummit as in the axis of that part, on the external furface of whence it is 
which it immediately a6ls. As fluids conduct heat fo very tar- 
Oily, this can only arile from currents of cooled water alcend- afcended from 
ingfrom the bottom, and lliefe cold currents cannot move up- F*'® bottom from 

I I r i r •/< II I- I II Its greater rtrity 

wards, were not the water of them ipecincally lighter than tliat below 40*^ 
of the incumbent wanner fluid. 

The water, therefore, which at the bottom is cooled by the 
contiguous frigorific mixture, muft be expanded by the lofs of 
caloric. 

This experiment fccures full force to the laft, as it obviates and the ol^ec- 
the objcdion already noticed, and alfo precludes another. I 
have already ftated, that it may perhaps be alledgcd, that 
the fluid at the top, in experiment third, though cooled 
to 32^ did not defeend, becaufe Mow 40®, the contrafilion 
is fo trifling, that it does not occafion a difference of fpe- 
cific gravity fufficiently great to caufc the particles to defeend, 
when oppofed by the inertia and tenacity of the fluid through 
which they hi^ve iu> fall : or it may be conceived, that the 
defeent is fo tardy, that time is given to the ambient air or 
I'ubjacent fluid to furnifh heat enough to raife the temperature 
of the defeending ftream, and by that arreft it in iis^downward 
courfe. 

But from the particulars above recorded, it is manifcft, that 
the change of denfity between the temperature of 32® and 
40® is quite fufScient to pul into motion the particles, and to 
£i^2 enable 
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enable them to overcome the obflacle arifing from inertia and 
tenacity, and to witliftand the arretling cfTe^s of atmofpheric 
heat. 


Though thefe experiments, and fome others of a fimilar na- 
ture, carried convi6tion to my mind, and perfeflly fatisfied me 
refpeding the reality of the anomaly of water, I determined to 
▼ary fomewhat the mode of making the experiment, fo as to 
obtain ftill more flriking refults. 

Another ex- For the fiftii experiment, I ufed an apparatus which coniiflcd 
• of a dill taller jar. It was 21 inches high, and ‘I in diameter, 
ai iachea high. I adjulted at (he middle or its height a perforated batoh of tin- 
ned iron, 2 inches in depth, and 10 in il*ameter. Ac. thisbafon 
embraced the middle of tne jar, I could, by hlling it with 
hot water, or a frigorific m tiire, apply heat or cold to the 
middle portion of the fluid in the jar, and thence, by the ther- 
mometer, learn what courfe the heated or cooled fluid (hould 
take. 


Exp. 5. The 
fail meationed 
jar was filled 
with ice-cold 
water. Heat 
was applied to a 
xone of two 


lixp. V. I filled ‘he jar w'ith water at 32®. I placed it 
upon feveral folds of thick carpet, previoufly cooled to the 
fame degree. Tbc air of the room going from 33® to 35®, 
I introduced two tliermometers, as in experiments firfi and 
fecond. I then noured water of temperature fS® into the 


inches near the bafon, and by means of a fpout arifing from the (idc of it, 

auddle by means j fyphon connected with a relervoir ot water %t the 
of warm water » 

in a circumam- temperature now mentioned, 1 renewed the contents of the 
bieot vefleh bafon frequently, but without canting any agitation. 


Thetemperature At coiamencement 
"ut I" ’ minules. 

unchanged at — 15 ■■ ■ — 

top : but after oq 

the lower water 

had atuined 39** — 25 — ■ 

it became fta- 

tionary, and the 

temperature at 38 — — 

top fooo rofe to ^ 4 c 

4 »* _50 


, 32 ^ 

35 
3(i- 

36 + 

37 

38 

38+ 

39- 

39+ 

39+ 

39+ 


Top, Air. 

32® 33-35 

32 

32 

32 
S3 

33 From this time I 

33 charged the bafon with 

33 water of temperature 

44> 88®, and renetred it 

45 frequently. 

48 


Nothing ean be more deci&ve with regard to the queflion 
in difpute, tlian the particulars of this experiment. Heat is 

applied 
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iipplied to the middle of a column of ice-cold water. The 
heated portion has an equal (hard of the column of cold fluid 
above it and beneath it. There is nothing to determine its 
courfe in one diredlion or another, excepting its adtqal change 
of denfity. , 

TheUermometer evinces that the warm current fets down- Whence !e u 
wards, and carries the increafed temperature to the bottom. of 

There, this inflrument indicates the fucci-flive rife of fevera) water between 
degrees, before the furface indicates ilie fmalleft acquil'Uion 
of heat. caufe and 

Th»| inference is plain, that the cold water is contraflcd by when the 

temperature was 

the heat. more than 39 + ’ 

The chiftige of the effefl heat is equally well illuftrated the warm cur- 
by dm experiment. 

No fooncr did the inferior portion attain the femperatute of 
than the heated fluid altered its courfe, and, by afeend- 
ing, carried the increale of temperature very rapidly to the 
furface, fo lliat it Toon furpaired the bottom, and conunued to 
rife, w hile the other remained Itationary. 

Exp, VI. 1 filled the jar uled m the iafl experiment with E*p. 6 . The 
water of temperature the air and the fiipport being at fiXd with water 

39 ®, Difpoling the thermometers in the ufiial manner, 1 in- at 39 I® and* 
trodiiccd a mixture of fnow and fait into the bafon. ufre*appIied*to 

the middle zUBC. 
The fluid at 
b(»ttom was 
foarcely changed, 
but that at t*p 



Bottom. 

'rop. 

Air, 

At commencemenf. 

39.5 

39.5 


In 10 minutes. 

39 + 

3b + 


25 

39 + 

3b.5 

At this time 

— 35 

39 

30- 

ice began to Lc 

— 55 — — 

39 

35 

formed pn the 

1 — an hour and 10 min. 

39- 

3t+ 

tide of the vef- 

0 

39- 

5t- 

IcI. 

— 2 hours. 

39- 

33+ 



This ep^perimept fpeaks in as decided language as the pre- So that the 
cedii^. It fio.ws that when a portion, in the middle of 
column >Df wafer at temperature 39,5 is cooled, the colder rifebyexpan- 
fluid riles, and does not defeend through the warmer mafs, fwu. 
and prefents the unequivocal demonflration, that water of 
temperature is a 6 lually expanded by Jofmg heat. 

The difl^rent experiments which I have in detail recorded, 

agr?c perie£lly .with eadi oUvir vx the evidence they give 

relative 
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The general fa£l relative to the fubjefi of inquiry. The general import of 
Sufc 8 *iclswld *** water which is ice-cold, or a few degrees 

water to contra^ warmer, when heated, becomes fpecifically heavier, — that 
afteiward”to when heated becomes fpecifically lighter,— 

e] 4 >a^. that water above 40^, by the lofs of heat, or by cold, is, * 

rendered fpecifically heavier ; and that water below 40^ is, 
by the fame caufe, rendered fpecifically lighter. 

Such being the general import, the conclufion is irrefifiible, 
that heat, in low temperatures, caufes water to contra 6 l, and 
at fuperior temperatures to expand. The opinion, therefore, 
is founded in truth, that water polTefles a peculiarity ef con- 
ilitulion in relation to the effefts of caloric, and that it is, 
within a Ihort range of temperature, an cxcep\ion to the 
general law of '' expanfion by heat.” 

Thcgrcateft So far as lean judge from thefe experiments, lam dif- 
dcnfity t»e- pofed to believe that the point at which the change in the 
40 ^ conftitulion of this fluid in relation to heat takes place, lies 

between 39-1®, and the 401h degree. 

I am not at prefent aware of any ohjeclion to the method I 
have followed in eflablifhtng this fingular anomaly, and in re- 
moving any doubts which may have arifen from the unavoid^ 
able influence which the inflrument mud have in the mode of 
condu 6 ling the inveiligation that had previoufly been adopted. 
Thefe experf- The plan of operation above deferibed, however, only af- 
inents certains the fa£l ; it gives no data for afeertaining the amount 

change, but not of the anomalous effeft of heat. 

its amount. I have already dated, that M. de Luc alledged, that from 
exp^fions^nd temperature of 41^, the expanfion occafioned by cold 
contraaions be was very nearly equal to that produced by the fame number 
^ua??ntcrval» degrees of heat ; and confequently that water podedes the 
from 40 ® ? fame denfity at any given number of degrees of temperature 

above and below 41^. The fird experiments of Mr. Dalton 
appeared to confirm this opinion, and to enlarge the range to 
which it applied, by extending it to temperatures as far 
below 32^, as water allows ilfelf to be cooled before it begins 
to freexe. From one circumdance that condantly occurred, 

1 am inclined to think, that the amount of the dilatation by 
cold is infe; ior to that caufed by heat. 

During the heating or cooling of water below 40^, the dif- 
ference of temperature between the top and bottom of the 
fi^id was lefs than what occurred daring the cooling or heat<« 

ing 
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ing of Ihe fluid through the fame number of degrees above 
it ; and I conceive thaty when other circumflances, but par- 
ticularly the rate of the change, are alike, the difference of 
temperature between the upper and lower parts of the fluid, 

✓as it depends upon, may prove a racafure of the difference of 
denfity. 

Alcohol, when heated or cooled, prefents, by reafon of its 
greater expanfibility, a greater difference of temperature in 
thefe fituations than water; and upon the fame principle I 
infer, that water from 40® is more expanded by an equal 
numbflr of degrees of elevation than of depreffion. 

As the concurrence of the teflimony of the experiments jt !s a difficule 
above related with the general opinion, will probably remove 
every doubt refpe^ing the matter of fad, it remains a very contrary changes 
difficult problem for ihofe who are fond of philofophical in- 
vefligation, to explain how heat (hall occafion in the fame 
fluid, without producing any alteration of mechanical form 
of chemical condition, at one time contradion and at another 
expanfion, and to reconcile the contradive effed to the con- 
ceived notions of the mechanifm of the operations of this 
energetic agent. 

When heat caufes expanfion, it is imagined to ad by indue- 
ing a repulfion among the parlicles of bodies, which, oppofing 
and overpowering tlie cobeflve attradion, caufes the particles 
to recede. 

In what manner, then, the addition of heat can occafion, or 
allow, the particles of water to approach each other, and how 
the fubtradion of it can make them retire to a greater diflance, 

I confefs I can in no raeafure comprehend. 

An explanation, abundantly plaufible at firft view, very 
readily fuggefls ilfelf to every one who is aware of the great piaiution ; vis. 
and forcible expanfion which happens to this fluid at the 
moment of its congelation. It it fiaied by Sir Charles Blag- 
den, in the paper already quoted. 

The remarkable dilatation which water experiences 
inftant of being converted into ice, is very generally aferibed, virtue of a 
and I prefume very properly, to a new arrangement which the 
particles aflume, determined probably by their polarity ; by 
which one fide of the particle A is attradive of one fide of B, 
wtiile it is repulfivc of another. 

Now^ 
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it is pnbaUe, Now, if this polarity operates with fo much energy as to 
that the arrange- imparl almofi irrefidible expanfive force at teroperature 32^, 
cxpanfion may TcafonaUc to fappofe ibat it may begin to exert its in- 

begin before flucnce, though in a far inferior degree^ at lemperatuies fome- 
folWity cnfues, more elevated. The expaufiona therefore^ that lakes * 

place, daring the fall of temperature from 40^» may be im* 
puted to the panicles beginning or afi*e£iing to affum^ that 
new arrangement which their polarity affigns them, in which 
* arrangement thefe particles occupy more (pace than bdbre. 

and the con- Again, when heat caufes water of 32^ to cootradt, upon 
the fame principle, it may be conceived to operate, hf coun- 
tera6bng the fmall portion of the difpofition to polarity that 
furvives the liquefadtion. * 

1 am afraid (hat we cannot reil fatisfied with this explana- 
tion. We mud not be deceived by the plaufibility of it. 

The date of perl'ed fluidity depends upon the circumdance, 
that the particles of any body admit of ready motion upon 
each other, 'and that the change of relative fUuation meets 
with little or no fendble reddance. 

Objeaioji. This Water certainly poiredes fluidity in a great degree> and its 
adviiice towards mud of courfe encounter but little reddance, as tl)ey 

m^tboitnpur glide the one upon the other. But if thefe particles diaU 
(he fluidiiy ; begin to exert any degree of polarity, by which certain faces 
become more difpofed to attach to each other than certain 
others, this tendency would neceffarily oppofe that indiderence 
with regard to podtion, which is efTential to fluidity, and of 
courfe mud impair the duidily, and induce fome degree of 
tenacity or vifcidily. 

which does not To appearance^ however, water at 32^ has its fluidity as per- 
^pear to be the temperalorcs confiderably elevated. Unwilling to 

trud to appearance, where experiment might decide, 1 have 
attempted in various ways to afeertain whether the water 
fuffers any fendble diminution in this refped while it is 
expanded by cold. The following method 1 deem the mud 
corredl. 

For the purpofe, I employed a gravimeter, the one contriv- 
wiifh Nicholfon’s Nicliolfbn for difcoveriiig the weight and fpecidc 

ftivhneter. gravity of "folids. • 

This is a convenient indrument, but, unfortunately, it is by 
no means fo ticklifh as a balance*^ Duly loaded, fo as to be 
equiponderant with the water in which it is plunged, Mr. 

NichoKon 
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Nicholfon fays, it is fenfible to the 20th part of a grain 
.The one I have^ though its ftem be (lender, is fcarccly fendbie 
to lefs than two or three twentieths of a grain. 

The want of fcnfibility in the gravimeter arifes, in a great 
%ineafure, though not entirely, from a certain degree of tenacity 
(ubtiding among the particles of the fluid ; and any thing that 
tends to increafe this tenacity, muff, in the fame proportion, 
augment this want of fcnfibility. 

To afeertain whether any fenfible change in the tenacity or It rofe and fell 
fluidity accompanies the expanfion of water byf^itjld, which the 
theory requires, 1 examined the mobility of the infiriiment 
when immerfed in water at different temperatures. 1 firfl 
plunged it* into this fhiid, heated to between 60^ and 70^. 

Under due loading, which funk it to the mark on the flem, 
it was not fenfible to a weight lefs than two or three twen- 
tieths of a grain. 

I then tried it in ice-cold water, and found that its fcnfibility m ice-coldwratw 
was In no perceptible degree impaired. The coldnefi of the 
water, it muft be reirembered, caufes fome degree of contrac- 
tion of the gravimeter. This contraction cannot fail to render 
the infirument in 1‘cmc fraall rneafure more fenfible, and, fo far 
as it goes, to counteract (he iluggtfiniefs produced by any in- 
creafed tenacity in the fiuhi. 

But as the body of the infirument is made of glafs, the Whence the 
amount of the conlra6lion inufi be very fmall, and the change 
of fenfibdity ariling from it fo very trifling, as certainly by no is not Tcnfibly 
means to oblcure Inch an efl'e^ as an increafe of tenacity would 
occafion. I therefore willi fume confidence conclude, that the 
fluidity of the water is not fenlibly diminiflied, and con- 
fequently that tlic polarity has not begun to exert any (enfible 
influence; it can (carcely, therefore, be accounred the caufe 
of the dilatation. 

* Perhaps the difference of fcnfibility in my infirument, and that 
of the leaniec’ Profctfir, may have arifen from a dificreiice of 
the diameters of the fiems. Mine was of one fortieth of an inch. 

It was well rubbed with a clean linen cloth, which rendered fhe 
furface equally difpofed cither to defeend or afceiidj and the in- 
ftrument was net judged to be in equilibrio with the fluid, except 
when the furface about the firm was neither prominent nor de- 
prei(ed. Tliis was cafily known by the reflected image of the 
window frame, or other objects being fecn clofe to the llcin with- 
•ut difiortion.^N. 

.0 ANNOTATION^ 
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Jnnotation.^W. N. 


Sif Charles not feein to roe that Sir Charles Blagden’s explana* 

5*«*anfion”7 neceflarily imply that the fluidity of the mafs taken 

wagrer^ heat ^ whole, (liould be (^nfibly impaired when tried by the ap-^ ^ 
^oes not fuppofe plication of a mechanical teft. It might be impaired in the 
lefb fluid* manner as the water is afredted by mixing fmall floating 

fragments of a folid along with it. When a faline folution 
which would become folid by cold, fuch for example as the 
fulphate of foda, is cooled below ks point of congelation, the 
cryflals will be differently formed according to circumflances. 
Inftmce of cry- If the fluid be gently (haken or made to ofcillate, a (bower of 
f«ing*^aecotding cryflals wdll gradually fall through the fluid ; and the 

to circumflances. whole mafs will be a confiderable time before the cryfhlliza* 
lion is finiflied ; but if, inflead of this method of agitation, 
the glafs be fcratched by a quill underneath the fluid, in Sir 
Charles filagden^s way, or if a fmall inflrument, having a 
cryflal of the fait adhering to it, be dipped into the folution, 
the cryflals will radiate with great rapidity from that centre of 
perturbation, and in a few feconds the whole of the foIutio|i 
Whence it is will become rigid. This common apd very ftfiking experi* 
anfmn^of chemical Ic61urers, Teems to me to indicate at leaf! a 

water by cold pofTibilily that fmall cryflals of ice may be formed and float 
may arife from dlflinftly from each other in water, at 40 degrees and lower : 
S "icrinThe^^* ^ think the metals afford us a number of inflances in which 
Auid. a confiderable interval of temperature is found to be between 

the commencement of cryflallization and the folidiflcation of 
the whole mafs. In pewlerers folder the interval is not Icfs 
than 40 degrees. This hypothefls of fuch difleminated parti- 
cles of ice, which feems to be nothing more than an expreflion 
of Sir Charles Blagdcn's theory in different words, will explain 
why the colder water fliould be lighter ; — namely, bccaufe it 
mufl contain more ice, and aifo why the expanfion ought not 


to begin but at fome delinile temperature. 

Amcafdrcof Though it docs not appear to me that the theory of Sir 
the greater or Charles mufl neccflarily imply a change in the mechanical re- 
very^ fiftance of water from what may be called rigidity ; yet there 
deHrable. arc many other reafons why philofophers (hould be deflrous of 
meafuring the vaiiations of fluidity in bodies : that is to fay, 
the greater or lefs facility with which their parts are moved 


Dr. Hope's trial amoiigil each other. The ingenious attempt of Dr. Hope to 
jr.ay be modified -fc^rtain this from the refiflance made by a fluid to the perfo- 

prooablybya 
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ration of its furfacc by a cylindrical folidj is liable to the ob- change in the 
jedtion that it ruppofes the attradlion or repulfion between ^be 
folid and the fluid to remain unchanged by variations of tem- the water and 
perature; whereas the contrary Teems moft probable. The 
• dodlor^s experiment muft be grounded upon a poiition that the • 

greater the depreflion or the greater the elevation of a fluid 
round a fmall cylinder partly immerfed in it, the greater muft 
be the refiflange from imperfedt fluidity. But ihefeefFedls are 
evidently as much governed by the attradlion or repulflon of 
the folid with regard to the fluid as by the rcfltiance which the 
experifnents are intended to meafurc. I have fomewhere read Water clocks 
that water clocks and other inflruments for meafuring time, 
by the paflageof water through fmall holes, go flower in cold weather; be- 
wealher. This may arife from contradtion of the hole, though [g 
iny author aferibes it to imperfedt fluidity. After fome medi- 
tation on this problem it flill appears to me to be furrounded 
with diflieulties. Perhaps it may be one of the beft methods 
to futTer the fluid to drop from a capillary fyphon in different 
temperatures. I am dlfpofcd to think that the drops would be Suppofitlon that 
fmalleft and tjie whole (luanlity in a given time greatefl when 
thc fluidity was the mofl perfedt, or at leaft when the adhcfion pjiiary tubewhea 
of the particles of the fluid to each other was the leafl. But 
even here the attradlion of the fmall capillary extremity of the 
tube from which (he drop would fall would require to be con^ 
fulered; and on this account the method would be preferable 
(if fo) to Dr. Hope's only becaule the repetition of a great 
number of drops or quantity of effluent water would give a 
greater degree of precifion to the refult. 

Is it likely that the rope pump turned regularly a certain Will the rope 
number of (urns in a given time would raife more water when 
coldeft and leafl fluid? If it did not might we not Infer that tenacity or Ba- 
the fluidity of water is not fenfibly afledted by change 
perature ? 


Ohfervatiom 
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Ohjertations on Turft from the German Rathbegcr fur alle 
Stxad. J^^OoCTOR CoLtENBUSCH. 

Jt is not very probable that a naan placed befidc a fountain 
ot pure water flioald fuflfer himfelf to die of Ihirfi through neg- 
]e<5t of uling it, or poHeffing food in abundance, thould not 
appeafe his hunger with it; neverthclefs inllances of this kind 
are not wanting. t 

r Every one complains in Germany of the fcarcity of wood 
for fuel. It is known that fubtlances have been found in other 
places which can fupply its place, and that they have been 
formerly ufed here; but ail this cannot induce any one to learch 
for /ujf. 

It is catily conceived that proprietors of woods, through the 
fear ot having Ibeir prohts diminilhed, thouid endeavour to 
perpetuate ancient prejudices, and to exteiicl the opinion that 
the plague only ceafed its ravages fincc the ufe of tu/f for fuel 
has been difeontinued; but it isdithcult to imagine that magif- 
trates inflcad of encouraging the preparation of this fuel, (hould 
endeavour to prevent thofe from doing fo) who wiQicd to en-« 
gage in it. 

It is very likely that the difeovery of the ufe of tw?/ as a 
combuftible was iirlt due to chance; and beiides the ufe oi 
' this fuel in Germany has been continued from periods more re-t 
mote than any written documents extend to. 

, The principal caufes which have prevented the fearch after 
are the erroneous opinions which have been formed of 
the manner in which it has been produced, of its preparation^ 
and its ufe ; fonie of which are as follow. 

Some think, for example, that tuff has been formed at the 
moment of the creationi fuch as it is now found in the earth, 
and that there are veins of turf, as there are of iron, copper, 
tin, and other metals ; but experience proves the falilty of this 
opinion, for there is found in almofi all parts of Germany turf 
covered with more or lefs earth, (if only a proper fearch be 
made for it) beneath which layers of trees may be fecn, which 
proves that there formerly ware forelis in the fame places. 

Others 
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Others believe that at the liaie of Ihc deluge vaft forefis were That it waa 
overthrown, and afterw^ards covered with herbs, reeds, and jgi™*^** 
other plants, and that thefe vegetables having rotted by de* 
grees, became at lad this black combuflible mafs refcrnbling 
• earth, which mnft have required an enormous quantity of ve- 
getables, as plains of many leagues fquare are found covered 
with beds of it to the depth of more than 25 feet, beneath 
w’hich trees arc dtlcovcicd of great hardnefs, and almofl pe- 
trified. 

Others imagine that it is more probable that the Tea Iranfport- 3d Th.tt it was 

ed the materiaU of the turf from the vveftern countries to the by 

n J I • , . . I I tea from the 

eattern, anda covered wilh them tne trees which are iound weft. 

buried beneath the turf. It is very true, that thefe trees have 

their roots tunu'd tow’ards the well, and their heads to the eaft. 

But then -it is dihicult to explain how this fubflance could be 

carried to countries cliilant from the fca, and even to the tops 

of the highell mountains in upper Saxony, on the ^roc^enand 

the /f/jjs. 

Many perfons are of opinion that torrents and rivers have 4th Thar it wn 
drawn logellieV and dcpofitcd leaves and branches of trees on 1% 

the low grounds, and that they have thus accumulated the 
conflituent elements of the turf; but this cannot take place in 
countries in which no large rivers are found, nor on high 
mountains. The inicrofcope clearly fticws that turf, efpecially The mlcrofcope 
that kind which is from the farface of the earth, is compofed 

* poiea 01 vegeta* 

of mofibs, herbs, ruQies, and other vegetables, and their roots blc fibres, 
flrongly interlaced, of which the greateft part is changed into 
earth. 

Paper has aflually been compofed from turf, and the vi’ater Paper made fram 
which has fettled in turbaries is ufed to lan leather, which ian^d 
proves that it is principally compofed of vegetables. Chemi- water, 
cal refearches have alfo difeovered in it a mineral rcfin whicli 
principally promotes its cumbuilibility. It appertains then 
partly to the ve ,etable, and partly to the mineral kingdom. 

Turf may be produced artificially, by digging trenches 6 Turf produced 
feet deep, and from 15 to 20 feet fquare ; the trenches become finking dLp^aiii 
filled with water, and produce the firA year a green Qimy mofs, wide trenches, 
the fecond year this molFy vegetation covers the water to the *** 

' height of tw*o feet, and a great quantity of filaments are dif- 
covered in it mixed with leaves and flowers, in the third year 
It firaUim is efteblilhed, which attracts the dull and the feeds 

which 
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which float m the air, and engender a quantity of martli 
of reeds, and of herbs, which the fourth year become fo heavy 
that they fall to the bottom. They then become comprelTcd 
there, and by i'uccelfive repetitions of this operation, all the» 
trench becomes filled ap in the courfe of 30 years; however 
this turf would probably require 100 years before it would 
equal the ancient turf. 

Three fpecies of Although this turf is always the fame in its conflituent parts, 
it neverthclefs differs in having thefe parts varioufly mixed, 
which occaiions its being divided into three fpecics, I'hc 
sft The furface comprehends the furfacc turf, and is the moft common 
turfc kind ; it is found almoft every where ; but it conkiins in Ibme 

places more combufiiblc matter, which makes its colour vary. 
Found wherever This fpecics is always fure to be found wherever places arc 
amUs covered* difcovcred where the water flagnates, whether on plains, ele- 
with weeds, vations, or declivities, in fuch a manner as to form a thick 
blueifli cruft, and depoftls a yellow n)ud ; or where the foil is 
covered with mofs, reeds, rufties, or ridges; and if at the 
fame time the feet of the pafTcnger links into the loofe foil, it 
and where trees earth bends beneath his feet; it trees are perceived (which 
covered with are commonly little pines or fir trees, or fomelimes other kinds 
U °rootcd^bf the trees,) covered with much mofs, inclined to one fide, and 

wind. half rooted up at the other by the wind ; in all thefe places turl 

will be found near the furface, and it is only neceflary to re- 
move the fod to perceive it. But this operation may be per* 
termed more quickly and eafily with the Englifh borer, which 
alfo will fhew the depth of the bed. 

To procure it 1 o procure the turf, the water ftiould be drained off, which 
the water lhoul4 ggfy lo do if the country is elevated or has valleys in its vi- 
be drained off. but the operation is more difficult when the earth is 

level. As perfons are not always to be found capable ot tak- 
ing the levels of ground, the places (hould be remarked where 
the water fettled in fpring when the fnow melts; thefe places 
Eafy method of ^lo^ld be maiked by flakes, and afterwards the trenches ftiould 
finding the dc- be made to pals this way which arc to be dug, to let the water 
runoff.. 

Mtth^ of pre To cut, .the turf an iron fpade is ufed, which ftiould be nei- 
paring the fur* ther round nor pointed, but terminating in a ftraighl line; 
lacc turf. (liquid be ferewed down as far forwards as poffible, along 

the fidi of a ft!*etched cord, by a line 1 4 inches long and fix 
broad ; the detached part is feparated from the depth of three 
, inche^i 
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inches^ at two (Irokes of the fpade, to the length of Id i'nclics» 
and 41 inches broad^ and this piece of turf is afterward di- 
vided in (wo* 

In order that the pieces of turf may dry quickly, they (hould Method of dr^ - 
' be placed on planks, and difpofed fo that the air might freely 
circulate between them, and that they could receive the rays of 
the fun. 

When the turf is thus dried to a certain degree, it is placed Should not be 
under ftieds to compleat the drying; for if it was expofed to 
the i‘un till it was cntiiely dry, it would lofe its firenglh and * 

burn like ilraw. 

It is alfo difadvantagcoLis to cut a large provliion of it for too 
many years'^ for the laft made is always the bed. The upper andlowsr 
and lower beds a r.lfo oblerved to be of inferior quality lo beds of it the 
tljofe in the midll ; the beft turf Is that of a brown colour in- . . , 

... I 1 1 • I 1 • n Xind daric 

dining to black, is heavy, and its texture is Iraverfed by a brown and 

fmall quantity oi toots; bhis kind produces a llrongand laliing 

fire, and its fmell is very fupportable. The more it is of a Bright brown or 

bright brown colour, the greater nuinberof roots in it, and the worlc* 

lighter it is, worfe is its quality. I'liis fort confumes more 

fpeedily, and may ferve to advantage where a quick fire is 

wanted; its odour, it is true, is very difagrecable, but itsafhes 

are excellent. 

The turf which inclines to a grey or yellow colour, and 
which is mixed with reed, is always the worft fort, but always 
good enough to heal kilns or ovens, and its athes are good; 
this fpecies is feldom found below the depth of two ells ; it Is 
reproduced after fevcral years. 

The fecond fpccics ol turf is the crumhling turf (nioder-torf). Second fpecies, 
•his kind is found more abundantly in Holland; its cutting and 
preparation require much more pains than the furfacc turf. 

The third fpecies, or the ?nountain turf, is dug up from pits Third fpecies, 
and galleries, and is reduced to regular forms like the preced- 
ing kind. 

It is objefted <.o the ure of (urf that it cannot be employed Wood not pm- 
as a fubflitute for wood in all the places where wood is burned; 
but it fliould not be forgotten that svood ilfclf is not fit for every than turf, 
work where fire is required ; that in order to be employed in 
fbunderies it mull be charred with muen trouble, and with a 
• Jofs of two thirds of its weight, and that wood as well as turf 
is of dilTercnl qualities and produces different effefis. 

Turf 
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Turffluybe Turf is fufceptibTe of amelioration, efpecially the fur- 
face turf, the crumbling turf, and the mountain turf likewifey 
for it may be reduced to charcoal, and will thus leive for every 
work which requires fire; and in this cafe it yields neither froell 
nor fmoke. The more ftrongly the turf is comprcfTeci before 


its carbonization, the more excellent is the charcoal. 

AdvafMages Tocoropcnfate/or the inferiority of turf to wood, granting 
that it is inferior, its ufe will prevent the great price which 
will olherwite neceflarily be paid hereafter for limber for build- 
ing, and wiH admit of the woodlands being proportionally re- 
Cabbageif duced ; the places alfo where the furfacc turf has been ^ug up, 
wher^it^has*^ if U has not been from too great a depth, may ferve for litu- 
been eatraAed* ations wherein to plant cabbages, beets, and madder, or they 
Its life admits of will fierve furfilh ponds. The ufe of turf will admit of the 
^nufaSorici HwItipBcation of manufaflories which ufe fire, of mines and 
v»hcrcfireit forges; aged perfons and children may be employed in pre- 
paring it ; its alhes form a good manure, and the mould which 
falls from it may eafily be converted into a(he$. 


X. 

Experimaits on ihe remarkable Rffeds which take place in the 
Gajes, by Chamre in tlteir Habitudes, or derive Atiratlum, 
when mecluinically conqtrejfcd. By T uom as Nor t h mor b» 
E/q. In a Letter from the Author, 

To Mr. NICHOLSON. 

Devonjhire Street, Portland Placo, 
SIR, Dec, J7, 1803. 

The a«tlionr*8 It was my intention to have poftponed troubling you with 
*uiSicadon****^ the following experiments upon the condenfation of the gafes, 
Until I had brought them to a greater degree of perfection 
bat being informed that feveral of them have already, by 
means of which I am ignorant, and probably in a mutilated 
flote, found their way to tiic prefsi any further delay feemt 
improper. If then you dpem the prefent communication 
worthy a place in your interefiing Jol^f’naI, it is entirely ai 
your fcrvice. 

It 
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It had long ago occurred lo me, that the various affinities His fafpicion 
^ which take place among the gafes under the common preflure the affini- 
of the atmofpliere, would undergo confiderable alteration by would be ^ 
the influence ot condenfation ; and the fuccefs attending the hy 
* violent method adopted by the French chemifls, which vio- 
lence did not appear to me requifite, afforded additional en- 
couragement to my undertaking fome experiments upon the 
fubjefl. 

I communicated this to the late chemical operator in the 
Koyal Inftilulion, a gentleman eminently converfant in the 
feienee, and with whom I was then engaged in a feries of 
experiments : he not only approved of my defign, but feemed 
to thin|c il*not improbable that an extenfive field might thus 
be opened to future difeoveries. Whether tliefe opinions arc 
jufily foundcih is now left for you. Sir, and the public lo 
judge. 

In entering upon a field entirely new, obflacles were of oifficulties of 
courfe lo be expedted ; nor without reafon; for though I had the undertaking 
applied to one of the moft eminent philoibphical infllriiment-^J®^^^® **'^'^“* 
makers in l^ondon, Mr. Cuthbertfon, yet I began to fear, 
even at the outfet, that his fkill would be fet at defiance. 

The firft inflruments which he made for the prefent purpofe condenfing* 

were, a brafs condenGng-pump, with a lateral fpring for pump, 

the admidion of the gas by means of ilop*cock and bladder ; 

two pear-fliaped receivers, one of metal of the capacity of Receivers# 

feven cubic inches, and another of glafs of about three and a 

half: thefe were conneded by a brafs ftop-cock, having a 

jerevv at each end. The metallic receiver was foon found to Various objee- ] 


be of little or no utility, as well on account of its liability lo 
be a£led upon by the generated acids ; its being too capacious, 
and thus confuming too large a quantity of gas ; as becaufe, 
though the refult of an experiment might thus be known, yet 
the changes which the fubjeds might undergo w'ould necef- 
farily efcape obfervatlon. The glafs receiver obviated all 
thefe difficulties, and one or two imperted experiments were 
performed with it; but the ilop-cock fpeedily failed in its 
efTed, For the power of the compreffed gafes was fo great, 
partly from their elafticity, and partly (where affinities bad 
operated) from their corrofive quality, as abfolutely lo wear a 
channel in the metal of which the plug was made, and thus 
VoL. XII.— Supplement. « b 
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Syphon gage. 


to eSefl their efcape. Bat not to trouble you any further 
with the obftacles that occurred, and which are mentioned 
only to prevent unneceflary expence to others, I have at laft, 
by Mr. Culhbertfon's atlidance, procured a conneding-tube, 
to which a fpring-valve is adapted that has hitherto anfwered 
every purpofe. Sec Plate XIV. Fig. 2, 3, 4, 5, 6. 

Inftruments The inftruments which I now ufe, are, 1ft. An exhaufting 
auS^/*** ** fyringe ; 2d. A condeniing-pump, with two lateral fprings for 

Pump* different gafes ; 3d. The conne^ing fpring-valve ; and laftly, 

glafs receivers, which (liould hai'e been of various fizes, but 
the one mentioned above having burft, that wdiich I' have 
Glats receiver, principally ufed in the following experiments, is of about five 
cubic inches and a quarter in capacity, and made of glafs well 
annealed and a quarter of an inch in thicknefs* Befides thefe 
inftruments, I have occafionally applied Mr. Ciithberlfon’s 
double fyphon-gage CSee Flir. (>), by wliich the number of 
atmofpheres condenfed in the receiver, or rather the elaftic 
power of * the gafes, maybe mcafured ; but this is rendered' 
of lefs fervice, becaule a flop-cock inuft then be placed be- 
tween the receiver and Ipring-valvc, which frcquc.itly impairs 
the whole experiment ; and affo bcc.aufe, after a certain de- 
gree of condcnfalion, and more j>c»r(iculdrly upon the admix- 
ture of the gafes riew afiinifli s iifually take place, which tend 
to diminifh the elafticify : the greateft number of atmofpheres 
my gage has yet meafured, is eighteen. Thefe, Sir, with 
fome bladders and ftop-cocks, various iron ferew-keys, and a 
wooden guard for the legs in cafe of burfling, conftitute the 
principal part of the recpiitiLc apparatuii. 

I now proceed to the experiments, preniifing that the firft 
four were made with the imperfe^ apparatus, when the gas 
was continually making its etrape tiirough theftop-cock. 

Lx^ev line fit 1. 

Exp. 1 . HiJro- Into the glafs receiver, of three cubic inches and a half 
en* ^^^P^tcity, were coniprelTcd in the following order : Hidrogen, 
gave water, and two (wine) pints ; oxigen, two pints ; nitrogen, two pints,* 
probably nitrous fefuU was, water which bedewed the infide of the re- 
cetver; while floating vapours (probably the gafeous oxide 

Thefe gafes therefore occupied about five times the capacity* 
they were condenfed into. — N. 

of 


Eighteen at 

mofpheres 

(ompreilion. 


arid* 
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of nitrogen) ; and an acid wl)ich reddened litmus paper. Mr. 

Accum was prefent at this cxperinienf^ and from his opinion, 
as well as from fucceeding experiments, I have reafon to think 
that this acid is the nitric. 

’ Experiment II, 

As a\llfference of arrangi-mcnt in the order pf the gafes Exp. »• The 
tends confiderably to vary ih*^ refult, I repealed the former 
experiment (having firft jiouied a little lime-water into the 
receiver) by inje^ing firtl the oxigen, about three pints, then 
equahquantilies of hidrogen and nitrogen. Much of this gas 
efcaped, owing to the imperfection of the inltrumcnt; but 
upon the ^itfufion of the niliogen, the white vapours again 
appeared in the receiver ; water feemed llkewife to be 
formed; and fome yellow particles were feen floating upon 
the Iime-.v\aler. I'liefe particles probably arofe from the re- 
flnous fubrtance, ufed in Ihlhning on the cap of the receiver, 
being diilblved by the nitrous gas lormed during condenfation* 

I would juft obferve, that Uie magnet fiemtd to be affeCled 
during this ^^xperiment ; but as there is iron ufed in the ma- 
chine, this may be other wife accounted for. 


Ex per line tU III. 


Two pints of carbonic acid, and two of hidrogen, w'ere£xp.3. Carbo* 
fubjedleil to condenfation. I'he refuU was, a watery 

and a gas of rather ofl'enftve fmell. and a changed 

gas. 


pnitnenl IV, 


Trying to inflame pliofphorus by the condenfation of at- Exp. 4. Phof- 
mofpheric air, the bottom of the machine (where it had Jenfedair.'**'* 
repaired) burft out with an exploflon. This happened when 
I hdd immerfed the apparatus in water to difeover where llie 
air efcaped. The receiver was full of the lumes of the phof- 
phorus, which was itfelf difperfed in the veflel of water. 

I afterwards repeated this experiment with the more perfect 
apparatus, but I could not inflame the phofphorus, and the 
fumes which arole at firft foon dilappeared. There was juft 
enough acid (probably phofphoric) formed on the inftde of 
the receiver to tinge litmus. 


Bb2 


Experiment 
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Experiment V. 

Zsp. 5. Repe- Having now the fprlng-valve, and new receiver of five 
wlSTbctter a*p- * inches and a half capacity *, 1 poured in two fcruples 
par/ituit offolution of potafli, and then injected two pints ofhidrogen,^ 
two of nitrogen, and three of oxigen. This quantity was 
hardly fufficient for the capacity of the receiver, ard the re* 
full was only a fmell of the gafeous oxide of nitrogen, a few 
yellowifii fumes, and fcarce enough acidity to tinge the edge 
of the tefi paper : of courfe, I could nut tired the formation 
of nitrate of potalh. 

Experiment VJ. 

£zp. 6. Nitro* I now determined to begin with the nitrogen,- which al- 
then hidrogen appeared to me to undergo the inoft important chemical 

tnd oxigea. changes, and therefore injeded two pints of nitrogen, three 
of oxigen, and two of hidrogen. Upon the condenlation of 
the nitrogen, it fpeediiy alfumed an orange-red colour, which 
upon the accetTion of the oxigen, gradually diininithed, and 
at length difappearedi though at firll it Ibemecl rather deeper. 
A moifi vapour, coating the infide of the receive^, arofe upon 
the compreifion of the hydrogen, which moifiure was firongly 
acid to the talie, coloured litmus, and, when very muth di* 
luted with water, aded upon lilver, 

Eiperiment, VII, 

Sxp. 7. The Nearly the fame as the lad, but with diiferenl arrangement, 
^ane, but diflfc- 'j'hg nitrogen, three pints and a half, was fird introduced; 
mcoty^****** then the oxigen, two pints 5 and next the oxigen, three and 
a half. The nitrogen formed the orange-red colour as before ; 
the hidrogen produced white clouds at fird ammonia ?) 

which afterwards difappeared, and the orange-red colour be- 
came lighter; but upon the afi'ufion of the oxigen, the colour 
did not difappearas in the lad experiment, but, if any thing, 
became darker. I then injeded two pints more cf hidrogen, 
but this had little or no efftd upon the colour. Some vapour 
was generated, which was, as ufual, drongly acid. 

Experiment VIII. 

Izp. S. Nitro- Previous to the burding of the fmall receiver, I had put in 

gen over lime- it a fcruple of lime, and condenfed upon it three pints o 
water* 

^ Ont filth part of a pint very nearly.— N. 

nitrogen* 
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nitrogen. The refult was, a little reddifli colour at fiift# 

• which foon vanidied. Upon repeating this experiment in the 
large receiver, I could produce no colour at all. In my pre- 
fciit ftate of knowledge I am unable to account for this cir- 
• cumdance ; but as foon as I get my new receivers of a fmaller 
capacitV, 1 mean to repeat the experiment. 

Befides the above, I have made various other experiments 
with ditferent gafes, but I think it right to repeat them with 
greater accuracy before I fubmil them to the eye of the public : 
if upon that repetition they appear to roe to be attended with 
refulfs of fufficienl importance to occupy a place in your 
Journal, I will lake the liberty of communicating them to \ou, 
and am. Sir, 

Your mod obedient fervant, 

THO. NORTHMORK. 

P. S. I think it neceflary to add, that during the courfc 
of the above-mentioned experiments, there was a great varia- 
tion Of temperature in the atniofpheie, from the heat oi 70 
degrees ol ^'ahrenheit to the cold of 33* 

Explanation of the Figures, hy Mi\ Cutkhcrffotu 

VifT 0 3 4 5, Plate XIV. reprefents fcclions of the fc- I>cfc»Vwn of • 

veral parts of the fpring-valve for the condenting lynnge ; a is 
a female ferew, intended to receive the male at the end of 
the fyringe ; ^ is a fquarc, to which is a key to ferew it per- 
fe6lly light to the fyringe ; d. Fig. 3. is a female ferew fitted 
to the male c ; e is a male ferew fitted to the female of the 
glafs receiver ; Fig. 4. is a round fleel arbor, turned with a 
conical part and flat fhoulder at «; ^ is a fpiral fpring; Fig. 

5. is a hollow brafs cylinder ferviiig as a cover and guide to 
Fig. 4; the piece Fig. 2. has a fmall hole drilled through the 
center’ and turned out at the end c, fo as to fill the cone n, Fig. 

4 j Fig. 3. is turned out at / fo wide as to receive Pig. 5. 

If iL plane fliank of 4 be put into the hole ac till iti 
cone fhut clofe into the hollow cone ate, Fig. 2. and the other, 
end with the fpiral, covered by Figo. fcrewed light upon the 
flat end of f, and d be fcrewed to c, all tbtf joints being 
properly fupplied with oil. and leathers, it is fitted for ufe. 

Fig. 6. Reprefents a feaion of the condenfing or double 
fyphon gage, being a glafs tube bent into the 
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figures^ (he end a is mounted with a brafs fcrewi having a 
hole through it correfponding with (he infide oF the tube, the 
leg 6 c is filled with mercury, and d is hermetrically fealed ; 
dc is divided into atmolpheres. 


XL 

Jccount of a Graplwmtttr for wcafuniig the Angl ? of Crj/Jlah 
Jti a LtUerfrom Mr, Robert Kantrs, No, 4 - 11 , Strand, 

To Mr. NlCHOLbON. 

SIR, 

c.rcii aavjntagc NEED not point out to you, and to (lie learned readers 
nxnuuls by their t>* your Journal, how great the advantage will he, wlicnevcr 
the lame may be realized, ol* ditlinguilhing fubjecl*? of the 
mineral kingdom by their external appearance. This has 
long been done, with conridcrable prceifion, by 0 })erative 
men who have acquired their (kill irum continued pradice, 
but without being able to communicate the ledge they 
poirefs by any fiinple indications, fuch as might be given in 
writing, or through the medium of the prefs. Neither need 
1 on this occatlon point out how much we are indebted to the 
cryftaliograpliy. labours of Bergman, Rome de Tide, and above all, Haiiy, 
(or feientihe inveftigations of th^ forms of cryftals, which 
at prefent bid fair to afford us critcrlons of the mod cxiendve 
u(e. My prefent objedl is to communicate what 1 hope will 
be thought one dep, however fmali, towards facilitating the 
C:\rangeau's adnueafurement of their angles. In your lird vol. at page 1 32, 
given an account of the graphomeler of Carangcau, 
which is now coniiderably known and edeemed. I have 
rendered that indrument (omewhat cheaper, and eafier in the 
execution, and more corre6l in its ufe. For the fake of thole 
who may not have that volume at hand, 1 (hall briefly date, 
that the indrument conflds of a femi-circle, like that which 
I am about to deferibe, and a pair of compalTcs or legs having 
their centre in the centre of the femi-circle, but capable of 
having their* points drawn back, fo as to admit of their ap« 
plication to any fmall cryflals. The arc of the femi-circle is 

divided 
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divided into two quadrants by an binge, fo that one part may 
be turned back out of the way of any mineral, which may 
require to be brought up towards the centre for admeafure- 
mcnt; and the fame arc can afterwards be reftored to its 
*p!ace, in order lo flicw the degree and fra6lion of the angle. 

I n inyXimprovcd inftrument I avoid this joint, and obtain Improved pra. 
a much firmer framing by making my arc in the form of 
protradlor, as in Fig. I. Plate XV. having an hollow centre at entire, and the 
^A, and a ftud at B, both lying in the direftion of that or 

diameter which terminates the graduations. 1 he compalTes, feparatdy for 
«*r radn, or legs, are fiiewn in Fig. 2. feparate from ihe arc. 

Their centre C i". made like ihofe of the common proportional apJu!Jd*to”the 
compades, and admits of the legs C D, C F being confider- for 
ably lengthened or (bortened when the two pieces are applied *^'*^*"® 
to each other. D E the fixed leg is reprefented as beneath 
F G the moveable log or radius, and the lower end of the 
centre pin is made lo fit the hole A precifely, at the fame 
time that the ftud at B being admitted into the long perfora- 
tion towards E, tlie piece D L becomes fleadily attached to 
the femi-^irc^i as is (cen in Fig. 3. 

The ufe is obvious. The cryflal muft be meafured by thd 
detached compafles as in Fig. 2, which arc much more handy* 
for all deferiptions of minerals than Carangeau's entire in- 
Brument; and when thus fet, if fig. 2 be applied to fig 1, 
as before direded, the angle will be read ot at Uie fiducial 
edge of G. 

i hope you and your readers will confidcr this as the ufcful 
fimpUiication of a valuable infinunenf, and fhall be happy to 
receive your fanflion by its appearing in a work fo geneialljr 
known and eileemed as your Journal. 

I am. Sir, 

Your obedient Servant, 


2fov. 1* 1805. 


ROBERT BANCKS. 
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ACCOVm^ OF NEW BOOKSy He. 

Philofbpkical TranJUBiom qf the Royal Society t^f lj>ndon for 
1805. Fort I L ^mrto 353 pages, with an Index, and Six 
Plates^ Nicoll. r 

TOlt^Mcal _ XhIS part contains the following coratnunicalions, 1* 
the Royal Ab(lra£t of Obfervations on a Diurnal Variation of the Baro* 

Society. meter between the Tropics. By J. Horlburgh, Efq. 2. 

Concerning the Difference in the Magnetic Needle, on board 
the Inveftigator* ariiing from an Alteration in the Dirediion 
of the Ship’s Head. By Matthew Flinders, Efq. Commander 
of his Majeffy’s Ship, InveHigator. S. The Phyfiology oF 
the Stapes, one of the Bones of the Organ of Hearing ; 
deduced from a comparatire View of its Strudlure, and Ufes 
in different Animals. By Anthony Carlifle, Efq. F. R. S. 
4. On an Artificial Subffance which poffeffes the principal 
Charadleriflic Properties of Tannin. By Charles Hatchett, 
Efq. F. R. S. 5. The Cafe of a full grown Woman in w'hcm 
the Ovaria were deficient. By Mr. Charles Pears, F. L. S. 
6. A Defeription of MaUformation in the Heart of an Infant. 
By Mr. Hugh Chudleigh Standart. 7. On a Method of ana- 
lyzing Stones containing fixed Alkali* by Means of the Boracir 
Acid* By Humphry Davy, Efq. F. R. S* S. On the Direc- 
tion and Velocity of the Motion of the Sun and Solar Syflcrn. 
By William Herfcbel, L. L. D. F. R. S. 9. On the re- 
prodadlion of Buds. By Thomas Andrew Knight, Efq. 
F* R. S. 10. Some Account of Two Mummies of the 
Egyptian Ibis, one of which was in a remarkable perfedl 
*State. By John Pearfon, Efq. F. R, S. 1 1 . Obfervations 
on (he fingular Figure of the Planet Saturn. By William 
Herfchel, L* L. D. F. R. S. 12. On the Magnetic At- 
tradlion of Oxides of Iron. By Timothy Lane, Efq. F. R. S. 
l.>. Additional Experiments and Remarks on an Artificial 
Sttbflancc, which poffeffes the principal Charadleriftic Pro- 
perties of Tannin. By Charles Hatchett, *Efq. F. R. S. 
14. On the Difeovery of Palladium, with Obfervations on 
other Subfiances found with Platina. By William Hyde 
Wollafton, M. D. F. R, S. 15 . Experiments on a Mineral 
Subiiance, formerly fuppofed to be Zeolite, with feme Re- 
marks ^on Two Species of Uran-glimmer* By the Rev- 
William Gregor* 
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anfaftions of the Royal Society of Edinburgh (being the Con-- Tran&ftions uf 
tinuation of Fart II, to:^ether zvith Part III. qf the fifth 
, / oiumcj Edinburgh 'jluarto 100 pages Continuation of Part burgh* 

II, md 12o Pages, Part III. No Plates. 

THE heads of memoirs ahd communications made to the 
Society {ince their laft publication are difquiiitions on the 
origin and radical fenfe of the Greek prcpolitions, by Mr* 

James Bonar,, and experiments on the contraction of water 
by IieBt, by Dr. Thomas Charles Hope* Thefe two pagprs 
oi whicli the latter is inferted in our Supplement, complete 
the fecond^part ; and the third part contains the hiftory of the 
Society confiding of the following articles. 1. Of the Diurnal 
Variations of the Barometer, by Mr. Playfair. 2. Aurora 
fiorealis obferved in Day-Light, by the Rev. D. Patrick 
Graham. 3. Plienomenon of Two Rain-Bows interfering 
one another, by Mr. Playfair. 4. On the Combuftion of 
the Diamond, by Sir George Mackenzie, Bart. 5. Remarkp 
on the Bah^ts of the Coad of Antrim, by the Rev. Dr* 

Riebardfon. 6. Rule for reducing a Square Root by a con- 
tinued Fraction, by James Ivory, Efq, 7* Singular Variety 
of Hernia, by Mr. RutTel, 8. Concerning the Chartreufo 
of Ferthi by the AbbC Mann. 9* Explanation of the Old 
Word Skull or Skoll, by the Rev, Dr. Jamiefon. 10. Bio- 
graphical Account of the kite Dr. James Hutton, by Mr. 

Playfair, 11, Minutes of the Life and Character of Dr. 

Jofeph Black, by Dr. Fergufon. 12. Appendix Lift of 
Members eleCted fince the Publication of the lafl Volume. 

13. Lift of Donations. 


Aiodemical Infiitutions in America, 

THREE Inftitutions for the promotiep of Natural Phy- 
lofophy and th,; ArtS| having been eftablitlied in the united 
ftates of America, not many months ago, of whiclj no notice 
has hitherto appeared in this work, it is hoped the following 
account of them will not be unacceptable. • 

The-firft is an Academy of the Fine Arts, of which the 
firft idea is due to Mr. Livingfton : The public were fo 
fcnftble of its importance, that long before the arrival of the 
VoL. XII.-SOPPLIMENT. Cc plaiftcr 
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pTsufler of Fans ca(l% which he prefented (o the infant' 
t>ociety, the number of fubfcnbers, at 25 piaders each, 
amounted to 1 80. 

The fecond InHitution is a Botanic Garden in the neigh-* 
bourhood of New- York ; as yet but a fmall part of the 
treafures of the vegetable kingdom are to be feen In it, but 
the admirers of botany haften to fend to it every interefting 
plant which is to be found in their vicinity. The charter of 
incorporation of the fubferibers, is entirely conformable to 
thf views of the founders of this garden of plants, and ac- 
cording to cuftom, enfures the permanency of the eftablifh- 
Inent : when the hot houfes are finifhed, it is expe^cd, that 
the co11e6lion of every thing rare and motl interefling, pro- 
duced by thefouthern dates, will be compleated. 

The third Intlitution is an agricultural fociety, edabliflied 
at Wafhington, under the fpecial prote£tion of goi^rnment. 
The prefident of the United States, who is a mod enliglilened 
agriculturid, the chief men of the adminiftralion, the fena- 
tors, and the deputies of congrefs, are all members of it 
officially. The fociety being now wealthy from the fums 
granted by government, and the numerous fubferiptions of 
alTociates and correfpondents, have purchafed an hand&me 
boufe, and a farm of thirty acres ; they have alfo began a 
library ; and are in polfeilion of the hne colledion of ploughs, 
and other inllrumenls of Agriculture, which formerly be- 
longed to general Wafliington ; the form of its adminidration, 
the number and the facceffion of its members, the capital 
Mthich it may polTefs (fpecified in buOiels of corn) and its 
whole organization is regulated by its charter of incorpora.^ 
tion; which conQitutes this aObciatioD a body politic, and 
fixes the perpetuity of its continuation : It is reported, that 
the anfwers which it returned to the numerous queflions 
'propofed by the focieties of the different fiates (boa 
after its eilablifhment, will form a very interfiling work 
which will foon be publiibed* 
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Criterion qf JJfe, 

Dr. STRUVE has contrived an apparatus which is men- Crlcerio^ of* 
Ifoned in the foreign Journals, but not deferibed. 
objedl of its application! is to (hew bj means of galvanifm, 
whether the appearance of death be real; a purpofe fuf- 
ficienl^y interefting to every human beings who has for a 
moment reflecled on the fatisfaftion which recovery from 
appaj»*”t d ‘th miift give to the friends and relatives of thd 
i^'uividj^l fuppofed to be dead j and on the ftill more ira- 
piclhve drfcudiul incide i: of recovery after burial. Our 
gilvaaiic sTid anatomical plnlofophers will lincl no difficulty in 
^ipplying thvs powerful ngeni to lo gooo a purpofe, in which 
vhe learned Dodo- has the icrit c " ta/jn®* the lead. 


Mr. SESSKEN who has fuccefshally Ia.^oured in the con- 
(Irudion of a refleding telefcopc thirteen feet focus, has 
lately fuppired the Obfervatory at Lilien<hal, with two mirrors 
of fifteen feet focus and eleven inches aperture, which prove 
lo be excellent, and bear tlie magriiying power of 12000 
very well, on the proper object;! and at Inch fcalons as arc fit 
for making obfervations of this nature. 


yu7hhcring of Houfes^ 

A NEW mode of numbering houfes Iia? lately 
adopfed at Paris, which is attended with much advantage, 
and deferves to be followed in this country. Over each door 
the numbers are painted in large diftina cliaraacrs, and in 
confpicuous colours; they are generally either brown or 
red on a yellow ground, furrounded by a blue fquare ; but 
the'principal fi.-gularity, which is the objea of this noUce. 
is, that all the odd numbers are placed at one fide of the 
ftreef, and the even numbers at the other; by w»i-ch means, 
may be feen at once on entering the llreet, at vJhich fide o 
the wa* the houfe is, which is* fought for ; by which much 
iime may be faved, not only by its making 
to crofs'the flreet more than once, but alio by lU always 
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|)reventing Ihe (rouble of returning back again on (he othef . 
fide of the llreet from that already palTed, to find a particular 
number, which often happens, where the old method of 
numbering is ufed, from the order of the numbers proceeding* 
regularly down one ftde of the Klreet, and back again in the 
reverfed direflion on the other; and which, when tbe flreets 
are very long, as many are in this metropolis, is often at- 
tended with ferious inconvenience ; but in the new method of 
numbering, this can never occur, as in it the numbers pro- 
ceed in the order of progrelSon in the fame direction dt both 
(ides of the flreet. 
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Aberdeen, in want of a public 

library > and the advantages which might 
be derived from fuch an eflablilhment, 
167 ' 

Abcrnethy, 250 

Abforption of wato^ in f jUs, 8 ^ 

Achardy M. on a new mode of obtaining 
fugar from beet-root, 259 
Acids, manufadtories of, how far pre- 
judicial to the health of the neighbuui- 
hood, 126 
Aerodation, z^8 

Air, atmofpherit, new capcilments on 
the refpiration of, 249.— -Diminution 
of in the procefs, 251 
Air>pump, on a new condrudtion, 305 
Alligator of North America, turbid date 
of, 131 
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off 139 
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attending the idea, 187 
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titious purzolana, 336 
Animal exertion and mechanic power 
compared, as to their identity, 8 
Antoni, 42 
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Arabic antiquities in Spain, 301 
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Alhburner, Mr. 171 
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corn, 145.— Doubt whether this dif* 
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Beaunier and Gallois, experiments made 
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on> 270 

Biet» M. on the formation of water by 
mere compreflion, aie«— His exten- 
iiona of the theorems in the horologium 
of Huygens, 296* 
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panfien of water, 343, 359, 362 
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Bounet, 39 
Brak, Mr. 1x4 

Bralle, Mr. his new procefs fpr keeping 
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for, 95.^B]own in water, 308 
Bunda Language, dictionary of, 301 
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florefcence of falts, 240 
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Carangeau's graphometer for cryftals, 374 
Carbon, gafeous oxide of, experiments on 
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piration, 254 
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Caftellmonte, earth of, 324 » 

Catgut manufaAories prejudicial to the 
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Cerite, experiments on, 105 
Cerufe, pure and beautiful, r43 
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health, 122.— •Reference to his chc- 
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Cobalt, pure, method of obtaining it, 
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—Theory of, imperfect, 121 
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Dalton, Mr. on Count Romford’s ex- 
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prize of Lelande, 142.— His newly ' 
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Hatchett, Mr. on artificial tan, 327 
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Hoodlcfs, Mr. 179 

Hooke, Dr. on the expaofion of water, 
34 * 

Hope, Dr. on the denfity of Water, 180 
—On the coniradtion of water by heat, 

339. 36* 

Horn, Mr. 61 

Hornblowcr, Mr. J. C. reply to his re« 
marks on mechanic power, by M» Gre- 
gory, 7.— >His defcriptioii of the framed 
Work bv which the roof of CUphacn 
churl h was railed, 176 
How .•id, Mr. on meteoric t (tones, 3 
Hunvhukit, on the longitude of Mexico, 
297 

Hutton, Dr. on the velocity of pro*- 
jcdicles, 42 

Huygens's theorems extended, 296 
Hydraulic machine, by Mr. Qofe, 
cription of, 16 

I. 

Identity of animal exertion and meehinfc 
power, i 


(ndoffan, 
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Indoilan^ fingular method of conftrudt- 
ing walls and roofs there, 313 
Inftrumcnts rcquifitc for the analylis of 
foils, S3 

Invernefs, advantages which would re£ult 
from the eAahliihisent of a public 
library there, ft68 

Invifiblc cmiHlon of fleam aipd fmoke, 

*47 

Iron, caft and malleable, experiments on, 
Ixarn, Dr. 3 

j- 

Jackfon, Rev. Mr. 246 
Jagifho, an American animal of former 
times, account of, 139 
JcfFcrlon, Mr. 141 
Jefibp, Mi. on blalfing rocks, 60 
J. P. on light as a body, 104 
Juno, the^planct, obfervations on the 
nature and magnitude of, 2^9 

K. 

Kiirwan, Mr* on the Analyfis of foils, Si 
Klaproth on falfe tungftcin or ccrite, 103 
•—His death, 142 

Knight, Andrew, Efq. on the ftatc in 
which the true fap of trees 1$ depofited 
during winter, 240, 308 
Kcvlifon, a new mufical inftrument, 142 
Kotzebue on the ancient MSS. found at 
Portici, 303 

L. 

Lalandc’s aftfor.jmical prize, 141 
Lampadius, G. A. on the difference be- 
tween call and malleable iron, 34 
Languages, elements of, S 
Lavoifier, 250 
Law/un, Mr. 132 

Lead, fulphate of, on its decompolitlon 
by muriatic acid| 221 


Leather, compounds ufed in dre fling, 
Lsgoux de Flaix, on the baked walls and 
loofs of ruial buildings in IndolUii> 

3*3 • 

Leipfic fair, 300 

Leverlan Mufeum, to be fold, 144 
Lewis, Dr. on water ^blowing machines, 48 
Light may be aft ftrongly refledlrd by a 
rough furface as by a fmooch one» 
74. Queflion refpedling, 104. 
Experiments on, z66 
Linen, &c. compound for marking, 207 
Linnsus, 131 

Literary and Philofophical Society at New* 
caftle upon Tyne, twi'lfth report, 60 
Luc, M. dc, his experiments on the cx* 
panfioA of water, 342 
Luminous bottle, method of preparing^ 
276 

M, 

Me Gilivray, Mr. 190 
Macquer, 277 

Madftc, or Madog, the Welch prince, pa 
his fuppofed emigration to America, 
i83 

Magidrates, caution to, xzS 
Magnefian earth of Baudiffero, 2S4, 320 
Manufaflories, from which a difagreeable 
fmcll arifes, folulion of a qucllion con* 
cerning, 122 

Marking linen, &c. compolition for, 207 
Malloulk) 's now mufical inllruinent, 142 
Mathey's machine for meafunng pm* 
jocliles, 42 

Maufoleum of the Arch-Duchefj, Chrif* 
tiana, 301 

Mechain, on the occultatlon of wfcorplo, 
297 

Mechanic powers, on, 7 
Medical inAitiition, 6z 
Menzies, ^50 
Metallic veffels, 72 

Metals lofc not their power of reflviflirg 
with their polidi, 74 
Meteoric floncs, on, .2.**^AnaIyfis of, 

A;. 
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hypoihefis refptt^ing*tlieir 

origin^ 6 

^eufnier, GcneraU "S 
Mexico^ longitude ot'j accuiately determinr 
cd, a 97 

Mildew in corn^ 147.—- Does not arife 
from UD external caul'e, 148 
.AdJki memoir on, by M. Tlieiiard, xiS 
Mineral pr^arations, how far pernicious 
to the health of thofe employed, and 
to the neighbourhood, 127 
Mineralogical expedition to Greenland 
propofed, 299 
Molard, 124 
Monge, 124 

hlons, Van^ iitforniaiion by, rcfpc^llng 
cerufc, 143. — On the prevention of 
putrefadioTi, 144 

’Morning Cliionii.le, cxtratl fiom, giving 
an account of the eruption of Vefuvius, 
222 

Mud walls of Induilan,. 313 
Muriatic acid, comp’ lition of, 5$ 
Murray's experiments on fluids, 134 
Mufquet barrels burft by a charge of gun- 
powder confined by fand, 40 
Mufical inftiument, x^ew, 142 


N. 

Kamur, cylindrical bellows of, 51 
Napion, 277 

Kewton, Sir Ifaac, 7, If2 
l^iccolanutn, fee Nickcliiie 
Nicholfon''s cxpeiiincnts on fluids, 134^ 
nickel, on, 75. — Malleable and magnetic, 

77, 78. — Extcinal cliaradtcr, ib. — 
Specific gravity, <ib. — A noble metal, 

78, 80.— “Its magnetic property weak- 
ened by aipper, anddeftroyed by aifenic, 
99.— Adiion of acids on* ib.— -Bed 
mode of forcing from iron, ib.— Oxide 
of, 80.— Precipitates, ib. 

Mickeline, a newly dlfcovered metal, 261. 
— SxperimenM on, ib. 


Northmore, Mr. T. on the effe^s which 
take place in gales, when coinpieffady 
36S 

O. 

Oukley, Mr. 149 

Occultation of the pleiades by the moon^ 
of fr fcorpio, and of the comet in 174^, 
297 

O bers, Dr. 293 ^ 

Oughtred, 225 

Oxigen and hydrogen may unite by prcf'«> 
fure, 212 

Oxigen gas more produdlive of carbonic 
acid, ill relpiration, than atmofphcric 
air, 254 

P. 

Pacchioni, Dr. on the compofitioH of 
muriatic acid, 58 
Pallas, Dr. 133 

Pape, the Rev. D. his improvement of 
Rye Harboui, 245 
Paper manufaftories, 124 
Peelc, Mr. on muriatic acid, 59 
Pelletier's apparatus for obfiiniiig car- 
bonate of potaih, 274 
Pennant, Mr. extradt of a letter from 
relative to the non>exi(lence of Welch 
Indians in America, 190 
Peterhead, in want of a public library, 
268 

Profeflbr, his new experiments On 
relpiration, 249 
Piaxzi, Mr. 293 

Pidtet on the occultation of the pleiades 
by the moon, 297 
Pignotti, Sig. Lorenzo, 58 
Piracy of books puniihed, 30X 
Piron, Mr. on the temperature of the fca* 
220 

Plowman, T. iifq. his improved .Sheep- 
fold, 192 

P. M’s quotation of a defeription of fire- 
works unknown in Europe, 273 

Porcelain 
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I^orcelam earth, analyfis of, 277 
I’oiCici, ancient xnanufcripts difcovered 
at, 303 

Poudrcttc Tfianufadtories, 125 
PoulJaouen iron works, 48 
Poufehkin, Count, on the folution of 
chromate of lead and (ilver, 144 
Powfl, pavid, his account of the emigra> 
tion of the Welch, under their prince 
Madoc, 18S 

PoMsUr, mechanic, on, 7.— indcatified 
with animat exertion, 8.-*— Rife, ap> 
plication^ and dclinition of the term, 
ib. 

Pricur, memoir by, on culoiir::, 112 
Prince’s improvement in the air* pump, 
306 

Projectiles, method of nicafunng the 
initial velocity or, 41 
Prony, M. 10. — His method of meafur- 
ing ihe initial velocity of projcCtilcs 
difehargeePfrom fire-arm^, 41 
Pr0vinci.1l Societies for feientihe and 
literary improvements, ftare of, 267 
Prouft Profcfi'or, on the meteor jc Hone 
of Sigcna, 2 

Pruflian blue manufa£lor:cs not pre- 
judicial to the health, 128 
PUftrefaiflion, animal, pernicious in pro- 
portion to us humidit), 125.— Pre- 
vented, 144 

Puazolana, tadtitious, 331 

R- 

Radiation of heat, 74 
Ri.l roads, 266 
Reaping, on, 153 

Refpiration, chemical refcarches concern- 
ing^and ihort hiftorjof, 249.— New ex- 
periments on, 250 

Reflc£^ion of lieat by polifhcd and blacken- 
ed Mies, 66 

Reverberatory furnace for experiments on 
call and malleable iron deferibed, 34 
Rickman, Profenbr, 297 


Richter, Dr. J. B, on pure nickel, 

On a metal much refembling nickel^ 
261 

Ritter, Mr. on galvanifm, 99.«-Biogrt« 
phical notice of, 101,102 
Roads on an inclined plane, projedt for» 
266 

RobertfoB, Dr. 18$.— His balloon, 29B 
Robins, Mr. Bcnj. 41 
Robinfon Profeflbr, 7.— >Corre£fion of A 
miftake in 12. — Diftin£fion between 
gravity, weight, and heavinefs, 14 
Rocks, Mu Jeifop's improved mode cf 
blading, 60 

Roebuck, Mr. on watcr*blowing ma^ 
chines, 55 
Rome de I’lflc, 374 

Rofe, Mr. on the difeovery of a new 
vegetable fubdance, 97 
Rumtoid, Count, remarks on his ex- 
priiments on the deniity of water, 2S« 
—On the velocity of projefliles, 41* 
—On heat, 65, i54.-*On coloured 
iliaiows, 114.— His opinion on the 
non-condiidling power of Auids con- 
troverted, 133. — On the expanfiOAof 
water by beat, 343, 35 1 
RufTun marine inditution, 302.*- Ella- 
bliihments for Education, 302.— Geo- 
graphical diAionary, 303 
Rud in corn, 149.— Prevented by fteeg- 
ing, ib. 

Rye Harbour, account of abe means ufed 
to make it navigable for ihips of 
confiderablc burthen, 245 

s. 

Sal-ammoniac minufatforics not lnr> 
jurious to health, 128 
Salt of the fe.t, origin of, 59 
— — fpirit of, manufacture of, not in- 
jurious to the health of the neighbour- 
hood, 127 

Salts, dcliquefccncc and cdlorefccnce of, 
240. — Experiments, 24 1 •— Remark- 
able fafts, 2 /^ 

4 SalU 
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Siltif deliquefccnt) tabte of> !n the order 
of ihear attradliony 040 
Sand, an ufeful afliftant to gun-powder in 
^ blafting rocks, &c* 41, 60, 171 
Sap of trees during winter, 233, 308.— 
Eirpetiiiients o«, 034 
Savereio the engineer, notice of his death, 
»43 

Saw-naken, their method of hardening 
ftcel, 63 

ScientifiG News $ for Aaguft, 58. — For 
September, 141.— For Odtober, 220. 
—For November, 296 
Sea, temperature of, 220. — At great depths 
eternally frosen, ib. 

beguin, 250. — On the oil ufed by Cur> 
riers, 220 

Sheepfold, Improved, 192.— Advantages 
cfg ib.— Method of placing on hilly 
grounds, 193 

Sigena, account of a meteoric flone, 
which fell there, % 

StlUman^ Bepj. Efq* 305 
Singer, Mr. on an improved mode of ap- 
plying the points in eiedlrical machines, 

m 

Six's Thermometer, objedtions to it, 226 
Slaughter houfes, 125 
Ssneiton, M\;. 10, 13 
Smut in com, 148 

Soils, anaiyfis of, 8t. — Subftances found 
in, ib.— Inftrumcnts requifite for, 83, 
<96.1— Mode of coUeding, 83.— Afcer- 
tilnisig their fpccific gravity, 84.— 
Fhyfical ptopertics, ib.— Quantity of 
water abfbtbed by, 85. — Separation of 
extraneous matters from, 85, 86.-— 
Sxamination of 86, drc.— Products, 
91. Simplification of the anaiyfis, 
92.— Improvement of, 93.— Difference 
of under different climates, 94.— Com- 
poStion of, ib.— Rendered fertile by 
nhatkging the compofition of the earthy 
parU, 96 

Soium's Journal, extradi from, 276 
Sprlhgd, method of making, 63 « 


Starch, a powder refembiing, obtained 
from elecampane root, 97. — .Manufac- 
tories, S24 

Starck, N. D. Bfq. his compaffes for 
taking beirin^s in a chart deferibed, 
224 

Staunton, Sir G. his embaffy to* China, 
extradl from the account of, 273 
Steam applied to afiill the refining of iron, 
37. — ^Its invifible cmifiion into the air, 

47 * 

Steam.engine applied to carriages, i.— 
A portable one, 274.— Improvements 
in, 294, 316 

Steel, blued, properties of, 63 
Steeping hemp, 62.— Grain to prevent 
fmut, 149 

SteinacKei, M. on carbonate of pota/h, 
274 

Steward, profeflor, 8 
Stones, meteoric, on, 2.— Shower of, 
3.— Anaiyfis of, 3, &c.— New hypo- 
thefis refpedting their origin, 6 
Straw, obfervations made on difeafed, 151 
Succulent plants, prefervation of, 64 
Sugai, new mode of obtaining from beet* 
root, 259 

Sulphate of lead, fee lead 
Sulphuric acid, manufaftorie*; nf, 226 
Syphon, inverted, Mr. CJoft’s method 
of raifing water by means of, x6 

T. 

Tan, artificial, prepared from coal. Sic* 

3^7 

Taflacrt, M, 105 

Tclcfcopcs, experiments for afccrtainJng 
how they enable the fpedlator to dif- 
tinguifii the real diameter of objedls, 
28s 

Tcfiier, 124 

Theatre in the Crimea, 302 
Thenard, M. on milk and buttesi, 228* 
—On bile, 269 

Thermometers for regiftcring temperatuics 
in the abfence of the obferver, 229 

Thomas 
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gliomas dc Thomon, 301 
^homfon's experiments on Fluids, 134. 
139^ 

^hornhill, Mr. 6t 

T. I. 15 . on the maximnm denfity of 
water, iSo 

Toulinin, 'Mr., on the fuppofed Welch 
inbc of American Indians, i 5 {t 
Trader., objodirtnable, on account of their 
pernicious quail ics, 123 
Traii,^r. on the condudhn^ power of 
fluids, 133 

Traveller, aji^on the flatc of provii ciai 
lucicllcb fur fcicntiiic and literary im* 
piovcrnent, 267 

Tices, on the flatc in which their fap is 
depoflicu dining win cr, 233 
Treviuiick'j I'lcam-engincs, i 
Tiomfd<"'f, JM. on obtaining pare cobalt, 
258 

Trullcr, Di. on heavinefs and weight, 

15 • 

Tungflein, falfc, J05 
Turf# obfervations on, 364 

V. 

Valli, Dr. ofl the prevention of putrefac- 
tion, X44 

Vapour, aqueous, applied to the refining 
of iron, 37 

Vafnifli capable of refitting the aftions of 
acids on metals, procefs for making, 
207 

Vauchcr, M. on the feiches of the lake 
of Geneva, 198 

Vauquelin on ceiitc, 105, icS.v— On 
gum-arabic and adracanth, 256 
Vefuvius, eruption of, 222 
Vegetable, fubftance, a new, 97 
Vibrations of a balance, on the, 56 
Vieta, 225 

Vinegar manufafloiics, 127 
Von Eiii^edet, 35 

W. 

^ Wagencr’s invention for printing charts, 
300 

Wallis, 225 


Water, apparatus fur raifijig, by sfteaixs cf 
condenfed air, i6.<*Remaikson Count 
Rumfo:d's experiments on the denfity 
of, 28, 280, 339*— How far ufifuJ in 
refining of iion, 37.-«-Abforption of 
in foils, 85. — A bad conduAor of hcaCy 
162. — EttVd ptoduced on by air blown 
frtim the human lungs, at the depth of 
feveral feet below the furface, 206.—-; 
Formation of by cuinprettion, 212 
Water-blowing machines, 4S.-— 'Experi- 
ments with 50.— General coaclufioni# 
54 

Water- clocks, 363 
Water colours, experiments in, 208 
Weight and hcavinefs, not fydunimoQS 
terms, 14 

Welch Indians of Nnith America, ob- 
fervatioiis and oonjedturcs relative to, 
181 

Welter's apparatus fur obtaining carbonatt 
of potafh too complicated, 274 
White colour, new definition of, xi 
Williams, Dr. 190 

W. N. on the burfting of mufquet bar- 
rels by a charge of gun powder con- 
fined with find, 40.— On the invifible 
emittion of fleam into the air, 47.— 
On water -blowing machines, 54.— <Oiv 
the fetches of the Lake of Geneva, 203* 
—In anfwer to F. A. on improved 
thermoxncteis, 2x7.— On the contrac- 
tion of water by heat, 362 
Wood, on the art of bending, 30 
■■■ ■ felled m autumn or winter more firm 
than when futtered to ftand till fpring 
or fummer: corrcflion of the general 
opinion as to the caufc, 233 
Woolf, Mr. his improvements in fteam- 
engines, 294, 316 

Wright Elisur, his newly conilrudkd, 
air pump, ^5 
Wyatt, Mr. Samuel, 338 

V. 

Young, Mr. Charles, on the vibrations 
of a balance, 56.— On the analyfii 
foils, 8x , 
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